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The following documents present the results of the global and veneer stability analyses along with the seismic
deformation analysis and also the liquefaction screening evaluation performed for the proposed expansion to the
Matlock Bend Landfill located in Loudon County, Tennessee. Deformation has been calculated using three different
methods as follows:

e Franklin/Hynes

o Simplified Procedure, Bray/Rathje/Augello

o Tennessee Division of Solid Waste Management’s (TDSWM) Earthquake Evaluation Guidance Document.

The specific seismic event evaluated is described in the TDSWM regulations as the earthquake that has a two
~ percent chance of probability of occurrence in fifty years or a 100 percent chance in approximately 2,500 years.
The magnitude of the projected earthquake is estimated as a 7.0 on the Richter Scale.
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Matlock Bend Landfill Veneer Stability Analysis
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Matlock Bend Landfill Veneer Stability Analysis
GLOSSARY OF TERMS / NOTATIONS

= s0il cohesion (Pa)
cm/sec = centimeters per second

Dsgs = significant duration of acceleration-time history (s)
FS = factor of safety (dimensionless)
FSqu. = static factor of safety (dimensionless)

= shear modulus (Pa)

Gn = maximum shear modulus (Pa)
g = acceleration due to gravity (m/s?)
GRI = Geosynthetics Research Institute
H = height of landfill waste or cover thickness (m)
HE = House Engineering LLC
HEA = horizontal equivalent acceleration (m/s?)
- HCV = highest conceivable value

kN/m® = Kilonewtons per cubic meter

k = permeability (cm/sec)

k = seismic acceleration coefficient (dimensionless)

Ko — maximum seismic acceleration coefficient = MHEA/g (dimensionless
Ky = yield acceleration coefficient (dimensionless) ‘
kPa = kilopascal

L = length of midsection of landfill (m)

LCV = lowest conceivable value

Ls = length of cover slope mass (m)

LLDPE = Low Density Polyethylene
MBL = Matlock Bend Landfill

MHA = maximum horizontal ground acceleration (m/s?)
MHA., = maximum horizontal ground acceleration at crest of landfill (m/s?)
MHAg, = maximum horizontal ground acceleration of rock (m/s)

MHA;,, = maximum horizontal ground acceleration of site (m/s?)
MHA,, = maximum horizontal ground acceleration at top of landfill (m/s?)
MHFA = maximum horizontal equivalent acceleration (m/s?)

MHEA&SE — maximum horizontal equivalent acceleration at base of landfill (m/s?)
MHFA,,.,= maximum horizontal equivalent acceleration of landfill cover sliding mass (m/s?)
MLV = most likely value




Matlock Bend Landfill Veneer Stability Analysis
GLOSSARY OF TERMS / NOTATIONS (continued)

= millimeter
m/s = meters per second ‘
My, = moment magnitude of earthquake event (dimensionless)
psf = pounds per square foot
PSR = parallel submergence ratio
NRF = nonlinear response factor (dimensionless)

RFCR = creep reduction factor

R = seismic displacement reduction factor = k, / k. at selected displacement (dimensionless)

Rs = seismic displacement reduction factor = &, / k,,, at selected base displacements (dimensionless)
Re = seismic displacement reduction factor = k, / k., at selected cover displacements (dimensionless)
Santek = Santek Waste Services LLC

S = back-slope run to height ratio (dimensionless)

S, =front-slope run to height ratio (dimensionless)

T, = mean period of acceleration-time history (8)

T.ra = mean period of earthquake (8)

Tp = predominant period of ground motion (s)

To.a = predominant period of earthquake (s)

T = fundamental period of column of waste fill (s)

T = fundamental period of fill material (s)

Towse = fundamental period of waste

t = lime (s)

U = seismically induced permanent displacement (mm})
USEPA = United States Environmental Protection Agency

V, = average shear wave velocity (m/s)
Y] = slope angle of cover from horizontal (°)
€ = strain (dimensionless)

] = fransmissivity (cm/sec)
@ = internal friction angle (°)
~ = fotal unit weight (N/m?)




Matlock Bend Landfill Veneer Stability Analysis

F11.0 INTRODUCTION

House Engineering LLC (HE) was contracted by Santek Waste Services, Inc. (Santek) to complete the responses to
comments specific to the slope stability of the Matlock Bend Landfill located in Loudon County, Tennessee.
Specifically, (HE) was subcontracted by Santek to perform the veneer slope stability evaluation for the proposed final
cover system for the Matlock Bend Landfill in Loudon County, Tennessee. This report outlines the approach taken by
HE during the performance of the veneer stability evaluation and presents the findings and recommendations that
resulted from the evaluation.

Landfill cover systems have a high sensitivity to relatively small changes in various parameters. A number of
analytical methods were used to calculate the veneer slope stability factor of safety of the proposed final cover
system.

A number of landfill designers are of the opinion that of all the factors which contribute to the loss of veneer stability
of a Iandf.ill final cover it is the depth of hYdrostatic head above the liner that is most critical. Other parameters -
include the hydraulic conductivity of the overlying soil, transmissivity of the drainage layer, the slope angle, and
spacing between outlet drains. (One significant final cover slide in Tennessee was altributable to an excessive length
of drainage with an outlet). Interestingly, climatic conditions do not impact stability as much as it would seem
primarily since a 30 minute rain event is generally enough to create a critical drainage condition within the cover
system.

It is the intent of the design to ensure that the liquid thickness is less than the drainage layer thickness. Veneer
failures often are attributable to conditions where water builds to a level that exceeds the thickness of the drainage
layer such that it comes in contact with the overlying saturated soil cover resulting in a condition where the depth of
saturation is suddenly from the top of the final cover to the top of the geocomposite drainage net. Therefore, when
geocomposite drainage net is used as the drainage layer in a final cover system it is imperative that the hydraulic
head be kept to less than 5mm. Limiting the hydraulic head to Smm presents a situation where there is little room for

error since a failure of the geocomposite can lead to a total slope failure.

o

2014 Matlock Bend Landfill Expansion Submittal 1OUSE ENGIEERING LLC




Matlock Bend Landfill Veneer Stability Analysis

#5120 DESIGN APPROACH

" Santek provided House Engineering LLC (HE) with existing slope stability and investigation reports and historical data
(performed by Geosyniec) generated from previous studies performed for the Matlock Bend Landfill. These
reports/data included some geotechnical information such as boring logs, grain size data, and Atterberg Limits, but
did not include interface testing of cover system components. It should be noted that this design approach
establishes the parameters necessary to satisfy veneer stability of the final cover system. Again, the high level of
sensitivity of final cover systems to relatively small changes of cerfain parameters emphasizes the importance of
determining the limiting values of the parameters which are critical fo providing a stable final cover system for the
Matlock Bend Landfill.

Peak vs. Residual Interface Strength Approach

Numerous articles have been written specific to using the peak or residual interface strength for designing final cover

systems. Based upon a review of the literature and personal discussions with geosynthetic industry researchers the

final cover system for the Matlock Bend Landfill has-been designed using peak strength. The following paragraphs

provide excerpts taken from white papers and journal publicaﬁons from which the Matlock Bend Landfill final cover

design approach is based:

Tim Stark and H. Choi have stated:

“The stability of the geosynthetic cover systems can be analyzed using the peak shear strength of the weakest interface, -
or, if necessary, the weakest composite interface, when the factor of safely greater is than 1.5, The use of peak
strength is recommended for the cover system because of the lack of or limited amount of defrimental shear

displacement along the weakest interface in a cover system compared with a liner side slope. However, if the average

slope of the cover system is greater than the lowest peak interface friction, or large displacements such as construction

— induced displacements or Seismically induced displacements are expected, a residual shear strength with a factor of
safely greater than unity should be used for the cover design.” The preceding paragraph is taken verbatim from

‘Geosynthetics International, 2004, 11. No. 6.

Robert Koerner also has made the following comments in GRI Report #29 from 2003

“Peak strength design, with adequate factor of safely for site specific conditions would have prevented every one of the

previously mentioned failures! Even further, proper design such that peak strength will greatly lessen deformations and
the subsequent serviceability concerns ..."

“When using residual strength in design there is no likelihood of failure and while exiremely conservative it is

unnecessarily so and in the author's opinion is not needed at all.”

HE’s design approach for the veneer slope stability evaluation was based on the performance of parametric analyses

2014 Matlock Bend Landfill Expansion Submittal Hﬁysséwé;ufénfks e




p’ Matlock Bend Landfill Veneer Stability Analysis
to determine the critical minimum physical properties of soils and geosynthetic materials that would yield a final

| cover system with the following:
Y% A factor of safety against sliding of 1.5 for veneer stability with peak strength parameters.

o A factor of safety against sliding ranging between 1.0 and 1.3 for veneer stability for seismic conditions.

(The United States Environmental Protection Agency (USEPA) accepts 1.0 as a suitable factor of safety).

The Cross Section identified on the permit drawings as Section C-C poses the greatest challenge from a slope
stability perspective; hence, HE concentrated the veneer slope stability evaluation on this slope. It is noted that the
stability of the final cover system is dependent upon the ability of final cover components to satisfy critical interface
strength requirements.  Therefore, the construction contractor will be responsible for verifying that the minimum
strength criteria of the final cover components are satisfied using industry approved testing prior to construction of the
final cover system.

3.0 PROPOSED FINAL COVER CONFIGURATION

~ Veneer stability analyses have been performed on the cover system configuration illustrated in Figure 1. The final
cover system design has been developed by Santek for the Matlock Bend Class | Landfill. The proposed layers of the
cover system for the Matlock Bend Class | Landfill (from final landfill surface grade downward) are as follows: 1
e 24 inches of vegetative support <
o Drainage layer (Double sided geocomposite)
\ e 40 mil textured LLDPE
o One foot (minimum) of compacted soil
o (One foot of intermediate cover soil

The final cover system also has the following properties:
e A final cover slope ratio with an approximated 3:1 slope
(i.e., 3H: 1V).

2 Vegetative Support Layer e Benches for vertical relief and tack-on swales at a
maximum of 128 foot intervals along the slope.

T o A uniform final cover thickness (vegetative support soil
Geocomposite Drainage Net [ayBI') above the geosynthﬁ’[lcs Of 20 feet

40 mil Geomembrane

Intermediate Cover/Soil Subbase
Approximately 24*

Wasle (Variable Thickness)

Figure 1 - Typical Final Cover Section

2014 Matlock Bend Landfill Expansion Submittal HOUSEENG!EERINGHC




; Matlock Bend Landfill Veneer Stability Analysis
f:‘-" 4.0 VENEER SLOPE STABILITY METHODOLOGY
o Numerous analytical methods were used to calculate the veneer slope stability factor of safety of the proposed final

cover system. In addition, a simple reliability analysis was performed as outlined by Duncan (2000), which utilizes

a Taylor series method. The methods performed can be referenced to the following sources:

o Te-Yang Soong and Robert M. Koerner, “The Design of Drainage Systems Over Geosynthetically Lined Slopes”,
(GRI REPORT# 19), by June 17, 1997.

e Te-Yang Soong and Robert M. Koerner, "Analysis and Design of Veneer Cover Soils”, Proceedings of 6"
International Conference on Geosynthetics, 1995, Vol. 1, pp. 1-23, Atlanta, Georgia, USA.

e Ling and Leschinsky, (1997), “Seismic Stability and Permanent Displacement of Landfill Cover Systems”, Feb.
1997, Vol. 123, No.2 Journal of Geotechnical and Geoenvironmental Engineering.

o Thiel, R.S. (1998), “ Design Methodology for a Gas Pressure Relief Layer Below a Geomembrane Landfill Cover
o Improve Slope Stablhty“ Geosynthetic Internatmnal Vol. 5, No. 6pp 589-617.

o Thiel, R. S. (2008), "Slope Stability sensitivities of final covers” Geosynthetlcs August September.

o Duncan, J. Michael, “Factors of Safety and Reliability in Geotechnical Engineering”, 1999 Spencer J. Buchanan

Lecture, Texas A&M University.

o Bray, Rathje, Augello and Merry, “Seismic Design for Lined Solid-Waste Landfills”, 1998, Vol. %, Nos. 1-2.

41 Step One: Determine Impingement Rate,( § ) and transmissivity of the geocomposite drainage layer.
Assume Unit Gradient Method for the design:
O = Ko = 1% 108 cm/sec = 1 x10° m/s
Solve for the required transmissivity with the following equation:
Oreq= 0; * L/ SN
For the proposed landfill side slope the required transmissivity of the geocomposite is,

Breg - Koowr * L/ 5INB = 1x10°m/s * 30 = 9.5 X 10"cm/sec
Sin18.4°

Determine the allowable Transmissivity Ojeq,

Ouiiow = ereq " Fep * RFgg * RFBC* RFCH

2014 Matlock Bend Landfill Expansion Submittal HOUSE ENGINEERING 1LC




Matlock Bend Landfill Veneer Stability Analysis
Where:
FS, = 3.0 (accounts for uncertainty associated with inflow rate and the potential for particulate clogging)

RF,; = 1.0 (See Table 1.0 - ranges from 1.0 to 1.2 based on alkalinity of protective soil; if soil is not alkaline in
nature, then this can be ignored and set equal to 1.0)

RF,; = 2.0 (See Table 1.0 - ranges from 1.2 to 3.5 based on anticipated biological growth environment; allow
that potential root penetration could reduce transmissivity by half)

RF., = 1.1 = see Table 2.0 = Contact manufacturers of products being considered

Table 1 - Chemical clogging and biological clogging reduction factors

Application Reduction Factor for Reduction Factor for
Chemical Clogging (RFcc) | Biological Clogging (RFpc)
Cover Drainage Layer 1.0to 1.2 1.2t03.5
Leachate Collection and 1.5t02.0 1.1to 1.3
Removal Layer
Leakage Detection Layer 1.1t0 1.5 1.1to 1.3

-Table 2 Creep reduction factors (RFCR) for geonets manufactured by GSE Lining Technology, Inc.,
(Narejo and Allen, 2004) ‘

Pressure, kPa (psf) " Creep Reduction Factor (RFcg)
48 (1000) 1 o
240 (5000) 1.2
478 (10000) 1.3
718 (15000) 1.6

Therefore,

Otiow = ereq i an * RFee * RF BC* RFCR
O = 9.5x107cm/sec *3*1*1.5* 1.1

Q0w = 4.7 x10° cm/sec

NOTE: Laboratory 100-hour transmissivity test value should be equal to or higher than the above allowable value.
For relatively mild slopes, such as the top deck, where the slope is stable even under saturated conditions, the

drainage requirements are much less demanding. In such cases, the primary function of a drainage layer might
be to allow the cover soils to drain after precipitation events so they will not remain saturated for prolonged
periods of time. Saturated soils, even on relatively flat slopes, are more susceptible to erosion and localized
hearing capacity failures (e.g. under a wheel load or a deer hoof).

2014 Matlock Bend Landfill Expansion Submittal HOUSE ENGINEERING LLC




Matlock Bend Landfill Veneer Stability Analysis

Step Two - Evaluate the Soil / Drainage Layer Interface Using the Parallel Submergence Ratio
Initially, GRI Report #19 was used to determine the impact of a specified rainfall event (input within the

calculation in mm per hour) upon the drainage capability of the proposed geocomposite. Exceeding the
drainage capacity of the geocomposite could potentially cause the final cover soil to become saturated and
possibly unstable.

The required factor of safety for this analysis was set to 1.5. The following table summarizes the input
parameters that were inserted into the Report #19 spreadsheet developed by Soong and Koerner to evaluate the
veneer stability with respect to drainage capacity. The required angle of interface friction (8) necessary between
the cover soil and geocomposite material was determined using a trial and error approach. Numerous iterations
revealed that a (8) of 26 degrees between the soil and geocomposite drain material would produce a factor of
safety of 1.5. A parametric evaluation was utilized to determine the parameters which are most critical to the
stability of the slope. Table 3 summarizes the input values which were modified and how each modification

impacted the factor of safety.

Table 3 - Parametric Veneer Stability Analysis of the Final Cover Soil over Geocomposite Drain Layer

Conditions
Hydraulic Slope  Slope SOIL  INTERFACE
conductivity RUNOFF  Length  Length  Slope Angle Conductivity FRCTION  FRICTION
P Kesvrsol teoversen Lowrsen COEFRCIENT L L B Kgs Tes ANGLE  ANGLE  FACTOR
CONDITION EVALUATED (mmir)  coveee ft mm RC ] (m) (deg) (cmisec) (mm) ¢ 5 OF SAFETY METHOD
COVER SOIL TO GEOCOMPOSITE 81 0.000001 2 609.6 0.4 9 29.88 18.4 0.27 7 28 26 1.531  KOERNER
COVER SOIL TO GEOCOMPOSITE 81 0.000001 2 609.6 0.4 98 2088 18.4 0.27 7 28 K} | 1.884 KOERNER
COVER SOIL TO GEOCOMPOSITE 81 0.000001 2 609.6 04 ] 20.88 184 0.27 7 28 19 1.084 KOERNER
COVER SOIL TO GEOCOMPOSITE 81 0.000001 2 602.6 04 il 29.88 218 0.27 7 28 2 12711 KOERNER
COVER SOIL TO GEOCOMPOSITE 81 0.000001 2 609.6 04 ] 29.88 15.8 0.27 7 28 26 1.805 KOERNER
COVER SOIL TO GEOCOMPOSITE 81 0.000001 25 762 0.4 o8 29.88 184 0.27 7 28 2 1548 KOERNER
COVER SOIL TO GEOCOMPOSITE 81 0.000001 17 51816 04 %8 29.88 18.4 0.27 7 28 2 1521 KOERNER
COVER SOIL TO GEOCOMPOSIE 81 0.000001 2 609.6 0.4 o0 2.4 18.4 0.27 7 28 26 1538 KOERNER
COVER SOIL TO GECCOMPOSITE 81 0.000001 2 609.6 04 120 36.59 18.4 0.27 7 28 2 1519 KOERNER
COVER SOIL TO GEQCOMPOSITE 81 1.0E-05 2 609.6 0.4 9% 29.88 18.4 0.27 7 28 26 1527 KOERNER
COVER SOIL TO GEOCOMPOSITE 81 5.0E07 2 609.6 04 2% 29.88 184 0.27 7 28 2 1532 KOERNER
CQVER SOIL TO GEOCOMPOSITE 81 1.0E-05 2 609.6 0.4 % 29.88 18.4 027 7 33 26 1533 KOERNER
COVER SOIL TO GEOCOMPOSITE 81 1.0E06 2 609.6 04 9 29.88 18.4 0.27 7 19 26 1529 KOERNER
COVER SOIL TO GEOCOMPOSITE 81 0.000001 2 609.6 04 % 20.88 18.4 0.22 7 28 28 1531 KOERNER
“VER SOIL TO GEOCOMPOSITE 81 0.000001 2 609.6 0.4 9 29.88 184 03 7 28 26 1.531 KOERNER

2014 Matlock Bend Landfill Expansion Submittal HOUSE ENGINEERING 11C




Matlock Bend Landfill Veneer Stability Analysis

43  Step Three: Determine Minimum Interface Friction of all Geosynthetic Components (above the liner)
HE evaluated the geosynthetic-geosynthetic interfaces, such as geocomposite drainage net-geomembrane

interface based on Stark and Poeppel (1994) whose study showed that the geosynthetic-geosynthetic interface
was weaker under low normal stresses (up to approximately 150 to 300 kPa). Based upon the Stark and Poeppel
study HE evaluated the geocomposite-geomembrane interface within the final cover system utilizing the veneer
stability calculations presented by Ling and Leschinsky. HE utilized a trial and error approach using a
spreadsheet developed with the equations presented in the February 1997, Journal of Geotechnical and
Geoenvironmental Engineering by Ling and Leschinsky. (Note: At HE's request, the equations chosen by HE for use
in this evaluation have been previously reviewed and checked by Dr. Robert Koerner, Director of the Geosynthetic
Research Institute, (GRI) at Drexel University.) The results produced very similar results to other veneer
equations. The designer selected these equations as they appear to provide a refinement of previously
developed analytical methods (Koemer and Soong 1995). A parametric analysis was also conducted by varying
the input parameters using the Ling/Leschinsky veneer stability method. Table 5 provides a summa'ry table of
the calculated results attained from the parametric analysis of the MBL final cover system.

The parameters used to input into the veneer slope stability equations developed by Ling and Leschinsky are
provided in Table 4.

Table 4 - Parametric Veneer Stability Analysis of the Final Cover

Parameters

Hyd;au.lllc Thickness Slope Slope - SOIL  INTERFACE

Cﬂnducm’lh‘ of RUNOFF Leﬂgm Angle CDndUBlIVIly FRICTION FRICTION FACTOR
CONDITION P Keoverseil  Loversoit Leaverson COEFFIGIENT L I B Kos Tes  ANGLE  ANGLE, OF
EVALUATED | (MWL) covesc it mm RC ()  (m (deg) (cm'sec) (mm) o 5 SAFETY METHOD
Driliags ko | g4 10006 2 6096 04 08 2088 184 027 7 8 26 1524 KOERNER
Geomembrane .
— 100606 2 6096 04 8 2088 184 027 7 8 31 1864 KOERNER
Geomebrana 81 100E06 2 6006 04 % 2088 184 027 708 19 1002 KOERNER
A 81 100E06 2 6096 04 98 2088 218 07 7B 25 1262 KOERNER
Goanekiing 81 100605 2 6096 04 08 2088 158 0 7 @8 25 18  KOERNER
. 81 100E06 27 829% 04 08 2088 184 07 70 25 1544  KOERNER
Drainage Net o
Geomenbrane | gy 100606 17 51816 04 % 2088 184 027 7@ 25 1515 KOERMER

Table 5 provides the minimumn value for each of the input parameters to provide an acceptable factor of safety for
veneer slope stability as determined with the Parallel Submergence Ratio and the Ling / Leschinsky method.

10 /‘W EEMQ/
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Matlock Bend Landfill Veneer Stabilily Analysis

able 5 - Minimum Required Parameters to Achieve Veneer Slope Stability per PSR and Ling/Leschinsky

Mirimurn

INPUTFPARAMEIERS ; - ;
! valueiRequired

¢ = cohesion (PSF) = 0

Ca = adhesion (note: adhesion has been ignored) = 0
y = wet unit weight of slope material(s) (KN/m?) = 19
= angle of internal friction of the soil (DEG) 19°

= [nterface Friction between soil and Geocomposite drain 26°
H = thickness of soil cover (mm) 518

t = thickness of drainage layer(mm) = /

L = length of slope (m) = 36

= s0il permeability (cm/sec) = 1.00E-05

K, = geocomposite permeability (cm/sec) = 0.22

P =100 yr 1 hr event precipitation in mm/hr = 81

" In summary, the results of the parametric evaluations of the veneer stability analysis using both the Parallel
Submergence Ratio (PSR) and the Ling / Leschinsky equations indicated that a 26° interface friction angle was
required between each of the interfaces within the final cover system to achieve a factor of safety 1.5 against
sliding failure of the cover slope.

4.4  Step Four: Calculate Infinite Slope Stability of the Final Cover System
An infinite slope stability evaluation of the final cover system was also performed using a slope angle of 18.4

degrees. The infinite slope stability analysis was performed with an equation presented by Koerner which is as

follows:

Factor of Safety = tan &/ tan
Where: 8 = interface friction angle and p = slope angle.
Given Input Parameters and Assumptions:
¢ Neglect Toe Restraint
¢ Neglect Excess Pore water, Gas
oy applied from the soil cover at the interface = 400 psf
¢ Minimum factor of safety = 1.5 for Stability

<

Solve for &
Required Interface Friction = & =1.5* (Tan 18.4°) = 26.5°

Therefore, the required Shear Strength of the interface Tyepeace 1S = 254 psf * tan 26.5°
TIHTERFACE = 1266 pSf

11 S
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Matlock Bend Landfill Veneer Stability Analysis

Geosynthetic Interfaces

The Nonwoven Geotextile to LLDPE Interface

Since the peak interface friction angle & of most Composite Drains to Textured Geomembranes is greater than
26°the Factor of Safely is acceptable.

The Nonwoven fo Soil Interface
Assume that the typical efficiency of the shear sirength is 80%.
Therefore:
Factor of Safety = 1.5 = (Shear Strength of Interface / Soil Shear Strength) * 0.8

Therefore, since the required shear strength of the interface (tiegrace) 1S 126.6 psf, then:
Required Shear Strength of the Soil = g, = (126.6/.8) * 1.5 = 237.4 PSF

45  Step Four: Perform Seismic Evaluation of the Final Cover System
The subtitle D regulations require landfill designs to be evaluated under seismic loading conditions resulting
from the seismic event with a 2% probability of exceedence in 50 years. The United States Geological Survey
(USGS) has developed an interactive hazard map to determine the peak horizontal. ground acceleration which can
'be used to predict seismic induced ground deformations and movements. However, the use of one ground
motion parameter as a design basis is considered somewhat simplistic since the frequency and duration of
ground motion are equally important parameters. Bray, Rathje, Augello and Merry (1998) have developed a
simplified seismic analysis procedure for geosynthetic-lined, solid waste landfills titled “Simplified Seismic
Design Procedure for Geosynthetic Lined, Solid-Waste Landfills”.
The procedure used to calculate the seismic coefficients, k, using the aforementioned procedure is detailed in
the document titled “Seismic Coefficient Determination” located in Appendix B. The seismic cogfficients
determined from the “Simplified Procedure” for the final cover are as follows:
MHA o = (0.21)(1.19)(0.95 to 1.2) = 0.237¢ to 0.299g
MHEA s = (1.25)(0.237 t0 0.299) = 0.2969 to 0.373g
MHEAver sope = (0.65)(0.237 10 0.299) = 0.154g to 0.194g

Veneer Stability of Final Cover Slopes using Seismic Loading Cogfficients

The highest seismic coefficient (MHEA) calculated using the “Simplified Procedure”™ within the final cover near
the crest of the slope was determined to be 0.373g. This seismic coefficient was input into the Ling /
Leschinsky equation along with the minimum critical parameters presented in Table 5 of this document to
estimate the factor of safety. The resulting factor of safety was determined to be less than one. Since the MHEA
resulted in a FS of less than one HE used the Ling / Leschinsky equation to determine the yield acceleration K,
(acceleration which results in an FS = 1.0). The resulting K, was calculated to be 0.145g.

12 _ il 2O
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Matlock Bend Landfill Veneer Stability Analysis

Using the k., and k, HE estimated the seismically induced permanent displacements for localized sliding near
the crest of the landfill for the design earthquake based on the Simplified Procedure using Figure 3 and the
following relationships:
Knastopecrest = MHEA/G = 0.296 t0 0.373g, and k, = 0.145g, 50 k, / Ky = 0.49 10 0.387
To estimate the permanent displacements (U) use the values calculated for k, / kq to locate predicted
displacements graphed in Figure 3.
Thus, from Figure 3, U = 150 mm = 5.9 inches near the crest and along the slope using both the 50 and 16%
exceedence for M, = 7.
It should also be noted that using the maximum k of 0.194g of the cover slope and increasing the minimum
interface friction angle to 29° while holding all of the other critical parameters constant resulted in a factor of
safety of the final cover slopes of 1.008 which is an acceptable factor of safely according to the USEPA
guidance.

Figure 2 - Cover Liner Sliding Displacements (Bray, Rathje, Augello and Merry, 1998)
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E 1000 .
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:a- 10 3 B i
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g - — — M, = 6.25| median and 16%
= [ probability| of exgeedance ° ]
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O ey M, = 8.0,|median and 16% %

probability of exceedance
0'01 1 ] 1 | 1 | i | L
0.0 0.2 0.4 0.6 0.8 1.0
Ky [ Knox

Note: The values of k, / ki ( 0.49 for 16% exceedence and 0.387 for 50% exceedence ) were used to enter
Figure 3 to determine the magnitude of displacements within the final cover.
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Matlock Bend Landfill Veneer Stability Analysis

46  Step Six: Check Equipment Loading During Construction
Final landfill cover design must be done with the ability to construct the design as a major consideration.

Designs that require numerous geosynthetic components are susceptible to damage during construction. For
example, a low ground pressure Caterpillar D4 bulldozer has a factor of safety of one when placing soil materials
in one-foot lifts above geosynthetics based upon the spreadsheet developed by Te-Yang Soong. The
spreadsheets used to calculate the equipment factor of safety are provided in Appendix C. Therefore, other
iterations could be performed to determine the minimum cushion required between the equipment and the
geosynthetics if the contractor proposes different equipment for placing soil materials on the side slopes. It
should be further noted that soils should be pushed upslope if using a D4 rather than down slope. If soil is
pushed downslope it requires a much thicker layer of soil to prevent damage to the geosynthetic [ayers within the
final cover.
50  Determine Allowable Gas Pressure for Veneer Stability

Thiel (1998) developed a method for designing gas venting layers under landfill final covers which establishes
the primary design criterion for geocomposite drainage nets to provide ample flow capacity. Figure 4 provided
helow illustrates the infinite slope stability equation with gas forces. The formula can be rearranged so that the

— value of the maximum allowable gas pressure can be
Representative Slice Width
b / determined, which is the parameter that controls the
design of the gas pressure relief system.

Equation 5.1 Maximum Allowable Gas Pressure

(F Ss " cm'er" leaver® Siﬂﬁj

tand

u 'cosﬂ =

L= A L
max l’co\fer hco\'er

Where: p,,,, = allowable gas pressure (kPa);

Voo = COVET S0il density (kN/m?);
Neer = SOIl cover thickness (m);

Infinite Slope Factor of Safety: FS, = factor of safety against sliding;
a+(hycosf —u)tan ¢T & = interface friction angle (degrees) for
FS = e geocomposite — geomembrane interface.
hysin 3 B = slope angle

Figure 3 - Infinite Slope Factor of Safety with Gas Pressure
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Matlock Bend Landfill Veneer Stability Analysis

It should be noted that the calculated maximum allowable gas pressure controls the design of the gas relief
system.
Step 1 — Determine the maximum allowable gas pressure using Equation 5.1.

Given: B= 18.4 degrees  0.321141 radians
&= 27 degrees  0.471239 radians
Yeover = 19.9 kN/m3
| —— 0.61 m
FS = 1.5

Calculate:  cosp = 0.948876
sinf = 0.315649
tand = 0.509525

HUmax = 0.238311 kPa = 498  pst

Therefore, in order to maintain a FS of 1.5 the landfill gas collection system must maintain the maximum gas
pressure under the liner system at less than 5 psf.

Reliability Analysis to Determine Probability of Failure

As a result of the sensitivity of landfill final covers to relatively ‘small changes in loading, slope angle, pore
pressures, and interface friction angles as well as observations of cover slope failures HE has performed an
evaluation of the project reliability in addition to the factor of safety approach previously presented in this
document. The reliability analysis presented in the following paragraphs is an approach outlined by Duncan
(2000) and presented by Richard Thiel August September 2008 issue of GFR Magazine.

Step 1 — Determine the Most Likely Values (MLV)

Determine the Most Likely Values (MLV) of the parameters pertinent to the final cover in calculating the factor of

safety. This analysis has utilized the Ling / Leschinsky veneer stability equations for determining the sensitivities
of the critical parameters in calculating factors of safety.
Step 2 — Estimate the Standard Devialions of the Parameters

Estimate the Standard Deviations of the Parameters using the “Three Sigma Rule” due to a limited number of
data points to base a standard deviation. Duncan states that the standard deviation can be determined using the
“Three Sigma Rule” if the designer can estimate the highest conceivable value (HCV) and the lowest conceivable
value (LCV) using the equation presented below:

o= HCVG-LCV

Table 6 summarizes the HCV and LCV of each of the critical slope stability parameters used to determine the

standard deviation using the “Three Sigma Rule”.
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Matlock Bend Landfill Veneer Stability Analysis
Table 6 - Standard Deviations of Critical Slope Parameters

Interface

Liquid Interface Friction Interface

Slope Angle  Slope Slope Depth  Friction Angle, Friction
toover soil B Angle B Angle h Angle, 8 Angle,
CONDITION EVALUATED tooverson  ft MM (deg)  (Radians) COS p (mm) &  (Radians) tan 3
MOST LIKELY VALUE (MLV) 2 609.6 18.4 0.3211 0.949 3 26 0.4538  0.4877
HIGHEST CONCEIVED VALUE (HCV) 25 762 21.8 0.3805 0.928 500 33 0.5760 0.6494
LOWEST CONCEIVED VALUE (LCV) 1.7 518.16 15.8 0.2758 0.962 0 21 0.3665 0.3839
Standard Deviation 0= 0.13 40.64 -0.0056 83.33 0.0443

Step 3 — Compute the Factor of Safety with Modified Parameters

Compute the factor of safety with each parameter increased by one standard deviation and then decreased by one
standard deviation from its most likely values. Table 7 summarizes the results of the addition/subtraction of the
standard deviation from each critical parameter and the resulting factor of safety for each.

Table 7 - Calculated Factors of Safety with Standard Deviations

Interface
Sat. Friction Slope Thickness Thickness Gas
' Wet Unit Wt. UnitWt.  Angle Angle . t t Pressure Factor of
Condition (kN/m’)  (kNIm’) " phi beta (mm) (ft) (kPa) Safety AF
MLV 19 19.9 26 18.4 610 2.0 0 1.524
FS + o for cos 19 19.9 26 19.4 610 2.0 0 1.437 0.193
FS - o for cos 19° 19.9 26 17.3 610 20 0 1.63 '
FS + o for tan 19 19.9 26.48 18.4 610 2.0 0 1.555 0133
FS - o for tan 19 19.9 24.41 18.4 610° 2.0 0 1.422 '
FS +ofort 19 19.9 25 18.4 650.24 21 0 1.526 0.005
FS-cfort 19 19.9 25 18.4 569.36 1.9 0 1.621 '

Step 4 — Calculate the Standard Deviation of the Factors of Safety

The difference in the factors of safety using the plus-c and the minus-c values for a given parameter is termed
AF. A separate AF is calculated for each of the paramelers determined to be critical to_the stability of the slope.
The standard deviation of the factor of safety o; is calculated using the Taylor series technique presented below:

V(0 ) (2

Standard Deviation or= 0.117221
Step 5 — Calculate the Coefficient of Variation of the Factor of Safely

Calculate the Coefficient of Variation (V) using the Standard Deviation of the Factors of Safety and the Factor of

Safely with the Most Likely Value (MLV).

c
Coefficient of VariationV = - P 0.077
FuLy
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Matlock Bend Landfill Veneer Stability Analysis
Step 6 — Calculate the Lognormal Reliabilily Index (5,,)
Calculate the Lognormal Reliability Index () using the Coefficient of Variation (V) and the Factor of Safety with
the Most Likely Value (MLV). | (_Fm_)

n 1+ 2
Lognormal Reliability Index = B, = %
. In +

B. = 56

In

Step 7 — Calculate the Reliability, ( R ) and Determine the Probability of Failure (P)

The NormDist Function in Microsoft Excel is used to calculate the Reliabilily, (R) using {3,y as the argument.
Based upon the Excel calculation Reliability R = 99.99%

Therefore, the Probability of Failure (P) = 1- R = 0.01 expressed as a percent.

So the P, represents about a 1 in 10,000 probability of failure.

7.0  SUMMARY

The veneer slope stability analyses performed in this study were focused on final cover slopes designed to be
constructed at a three honzontal to one vertical slope ratio with a vert tical relief ranging from 30 to 40 feet between
benches/tack-on swales which pmvnde drainage rehef from above t the geosynthetic components of the final cover. |
The objective of this veneer stability analysis was to determine the required minimum parameters that will provide the
proposed final cover system with adequate stability. The parametric studies did substantiate GRI report # 19 that
cautioned designers about the impact of percolation rales on cover slope stability. Based upon numerous calculations it
was determined that the maximum hydraulic conductivity for the 24 inch final cover layer should be 1 x 10 = cm/sec.
Again, all of the minimum required values for the parameters critical to the veneer stability of the Matlock Bend Landfill
final cover system are summarized in Table 8 along with the minimum required interface friction angles.
However, it is absolutely essential that laboratory interface friction testing be performed with the soil materials and
geosynthetic materials to be used in the current final cover system prior to commencement of construction. Specifically,
the following interfaces must be tested:

e Soil to Double Sided Geocomposite

o Double Sided Geocomposite to Textured FML

o Textured FML to Soil
The required interface friction angles appear to be attainable based on a review of the literature provided by various
manufacturers.
Finally, with respect to seismic stability of final cover systems it has been the opinion of the Tennessee Division of Solid
Waste Management (see TDSWM Earthquake Evaluation Guidance Policy, page 14) that the veneer type of slope failure
will generally not result in a catastrophic type failure which would result in an adverse impact to human health and the
environment.
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Matlock Bend Landfill Veneer Stability Analysis

Table 8 - Summary of Minimum Interface Friction Requirements

Slope Angle Dg;"'&?r'érg
Interface Method B qs
Degrees Degrees
Soil to Geocomposite Parallel Submergence' 18.4 26
Geocomposite to 40MIL LLDPE* Finite Slope? 18.4 26
Any Interface under Seismic Loading Finite Slope® 18.4 29°
Landfill Gas Pressure Thiel/Richardson 18.4 27
Any Interface Infinite Slope 18.4 26.5

Assumptions
¢ = cohesion (PSF) = 0 _
' ‘Ca :'adhesion_ (note: adhesion has been fgnored) =)
Y = wet unit weight of slope material(s) (PCF) = 127
@ =angle of internal friction of the soil (DEG) = 28
1 = pore water or gas pressure at the failure interface (psf) = 5
K. and k, = vertical and horizontal seismic coefficients (g's) = 0.
H = thickness of soil cover (FT) = 2.0
L = length of slope (FT) = 98
P = precipitation in mm/hr = 81
FACTOR OF SAFETY = 1.5

Other Required Parameters
Kson = soil permeability (cm/sec) = 1.00E-05
Kaeocemposte = g€OCOMPpoSite permeability (cm/sec) = 0.27

NOTES:
1. Koerner and Soong

2. Ling and Leshchinsky
3. Using k., of the cover slope and a Factor of Safety of 1.0.
4. Weakest Interface.
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NOAA Atlas 14, Volume 2, Version 3 LOUDON
Station ID: 40-5451
Location name; Loudon, Tennessee, US*
Coordinates: 35.7333, -84.3333
Elevation: )

Elevation (station metadata): 244 m*
* source: Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley
NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PE_graphical | Maps_& aerials

PF tabular

PDS-based point precipitation frequency estimates with 90% confidence intervals (in
millimeters/hour)’
Average recurrence interval (years)

Duration

1 2 5 10 25 50 100 200 500 1000

§-min 102 120 140 161 186 208 231 253 283 311
(84-113) || (110-131) || (128-153) || (147-176) || (169-204) || (188-228) || (206-252) || (224-277) || (247-311) || (267-342)

10-min 82 96 112 129 148 166 183 201 224 245
(76-90) || (68-108) || (103-123) || (118-141) || (135-162) || (150-181) || (164-200) || (177-220) || (195-246) || (210-270)

15-min 68 80 95 109 125 140 154 169 188 205
83-75) || (74-88) || (87-103) || (99-119) || (114-137) || (126-153) || (138-169) || (149-185) || (164-206) || (176-226)

30-min 47 55 67 79 93 106 118 131 150 166
@3-51) || 51-61) || (62-74) || (72-86) || (84-102) || (85-115) |[(106-129) || (116-144) || (130-164) || (142-183)

60-min. 29 35 43 51 62 72 81 92 107 121
, @7-32y || (32-08) || (39-47) || (47-56) || (s6-68) | (64-78) || (73-89) || (81-101) || (93-118) || (104-133)
2.hr 17 20 25 30 36 42 48 54 63 72

(16-19) || (19-22) || @s-2n) || @7-33) || (33-39) || (38-46) || (43-52) || (48-59) || (65-69) || (61-79)

3hr 12 15 18 21 26 30 34 38 45 50
(1-14) || (14-18) || (17-20) (20-23)l (23-28) || (27-32) || (30-37) || (34-42) || (39-49) || (43-55)

6-hr 8 9 1" 13 15 18 20 23 26 29
(7-8) (8-10) (10-12) || (2-14) || (14-17n) || _ve-19) || (18-22) || (20-24) || (23-28) || (26-32)
12-hr 5 6 7 8 9 1 12 13 15 17
(4-5) (5-6) (6-7) (7-8) (9-10) (o-11) || (1-13) || (12-14) |[ (13-16) || (15-18)
l’ 24-hr 3 4 4 5 6 } ] 7 8 9 9
(3-3) (3-4) (4-5) (5-5) (5-6) (6-7) @-7 7-8) (8-9) (8-10)
2.day 2 2 3 3 3 4 4 5 5 6
(2-2) (2-2) (2-3) (3-3) (3-4) (4-4) (4-5) (4-5) (5-6) (5-6)
3-day 1 2 2 2 2 3 3 3 4 4
(1-1) (1-2) {2-2) (2-2) (2-3) (3-3) (3-3) (3-3) (3-4) (4-4)
4-day 1 1 1 2 2 2 2 3 3 3
(1-1 (1-1) (1-2) i (2-2) (2-2) (2-2) (2-3) (2-3) (3-3) (3-3)
7-day 1 1 1 1 1 1 2 2 2 2
(1-1) (1-1) (1-1 (1-1) (1-1) (1-2) (1-2) (2-2) (2-2) (2-2)
1 1 1 1 1 1 1 1 1 2
10-day (1-1) A1) (1-1) (1-1) (1-1) (1-1) (1-1) (1-1) (1-2) (1-2)
0 0 1 1 1 1 1 1 1 1
20-day (0-0) (0-0) (-1 -1 (1-1) (1-1) (1-1) (1-1) (1-1) (-1
0 0 0 0 1 1 1 1 1 1
30-day (0-0) L(O—O) (0-0) (0-1) (1-1) (1-1) (1-1) (1-1) -1 (-1
0 0 0 0 0 0 0 1 [ 1 1
45-day (0-0) (0-0) (0-0) (0-0) {0-0) (0-0 (0-1) (0-1) (1-1 (-1
0 0 0 0 0 0 0 0 0 0
60-day (0-0) (0-0) (0-0) (0-0) {0-0) (0-0) (0-0) {0-0) (0-0) 0-1)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).

Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation
frequency estimates (for a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound)
is 5%. Estimates at upper bounds are not checked against probable maximum precipitation (PMP) estimates and may be higher than currently
valid PMP values.

Please refer to NOAA Atlas 14 document for more information.
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ENVIRONMENTAL

= ¢ SEISMIC RESPONSE EVALUATION OF THE MATLOCK BEND LANDFILL
Determme the Seismic coefficients k, for use in the analysis of the landfill waste mass and final cover

The subtitle D regulations require landfill designs to be evaluated under seismic loading conditions resulting from the
seismic event with a 2% probability of exceedence in 50 years. The United States Geological Survey (USGS) has
developed an interactive hazard map to determine the peak horizontal ground acceleration which can be used to predict
seismic induced ground deformations and movements. However, the use of one ground motion parameter as a design
hasis is considered somewhat simplistic since the frequency and duration of ground motion are equally important
parameters. Bray, Rathje, Augello and Merry (1998) have developed a simplified seismic analysis procedure for
geosynthetic-lined, solid waste landfills titled “Simplified Seismic Design Procedure for Geosynthetic Lined, Solid-
Waste Landfills. The following paragraphs follow the steps outlined in the Simplified Procedure to characterize
predicted ground motions at the Matlock Bend Landfill.

Given:

The proposed Matlock Bend Landfill a 60 m high landfill founded on stiff soils approximately 16 km from the East
Tennessee Seismic Zone. The largest recorded earthquake to the Matlock Bend Landfill was a 5.6 magnitude
earthquake located 41.29 km (25.66 miles) to the northeast.

Determine Earthquake Paramelers:

1. Estlmate the median Maximum Horizontal Ground Acceleration (MHA),Mean Peﬂod of Acceleration Time History (7,,),
and Significant Duration of Acceleration-Time History (Ds.s)values of the rock ground motion:
- M, 6.0 7.0
Distance 16 100
MHAzoc 0.1g 0.21g
i 0.45s 0.72s
D5_95 73 2?
(b) (c)
@ I aukestp W07 7173 g T T 1
ot s 8 50 [ 3
@ ARt
G g 40F o
0.1L — w = Eo. E
% F —— M. =60 3 e g 30F- E
[ - - M, =70 “F ] Ezoz_
..M, =80 0,2:_ _' %10::'
0.011 Il“'“';lo IIILLL‘;J(-]D 0.0: Ly 1 | l_l: i%, 0:| L 1o+ b s 1 1
Distance (km) 0 20 40 60 80 100 0 20 40 60 80 100

Distance (km) Distance (km)

Check Design MHA Values.
HE performed a comparison of the probabilistic peak ground acceleration determined with Figures a-c by entering the
latitude and longitude of the site was entered into the 2008 USGS Interactive Map (see Figure 1) to determine the peak
ground acceleration (PGA) for the 2% and 5% probability of exceedence in 50 years which are presented below:

10% PGA in 50 yrs. 0.068¢ and the 2% PGA in 50 yrs. 0.23g
The PGA values from the USGS interactive map fall within close proximity to the range of values determined from
Figures a-c therefore the seismic coefficients will be selected from the Figure a since it is sensitive to earthquake
magnitudes.
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Matlock Bend Landfil L JSANTEK

Determination of Seismic Coefficients =522 ENVIRONMENTAL

Figure 1 — USGS Hazard Map with Probability of Ground Accelerations
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2. Calculate the seismic loading, MHEAgs:

Bray et al. (1995) found that the MHEA for important

base sliding case depends primarily on the dynamic Shear wave velocity, V; (m/s)

properties and height of the waste fill (ie. its L
fundamental period, T,, as described by T, = 4HAV, ] L AT
where H= height of waste fill, and V; = average initial B ’
shear wave velocity of the waste fill) and the MHA and §
T, of the input earthquake rock motion. Based on an
examination of Figure 3 the average velocity (Vs)
profile of waste would approximate 180 m/s at the :
waste surface, approximately 250 m/s at a depth of 30 -
m, and approximately 325 m/s at a depth of 60 m. s e o b
Therefore, a reasonable weighted average for Vs WOUIA | gigures. shear wave velosity profites for municipal solid-waste (after Kavazanjian et

approximate 250 m/s. =
Calculate the fundamental period T

T, = 4H/V;

T, = 4x60/250=0.96s,

Where H = 60 meters and V,= 250 m/s

Pusssens

Recommended
+ range

Depth (m)

a5 |- /
.l

[ Average profile

Summary of Parameters
Fill Thickness (H) Initial Shear Wave Velocity V, = 250 m/s Fundamental Period T,
60m (~200ft.) 250 m/s (820 ft/sec) 0.96s
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Determination of Seismic Coefficients

Base Sliding Analysis — Determine the seismic coefficients along the landfill base for the design earthquake.

Matlock Bend Landfill é ; SANTEK"

Determine MHEAgse0f the waste fill for bottorn liner sliding using Figure 6.

Calculate T,/T,, which is the fundamental period of the waste divided by the mean period.
T,/ Ty, = 0.96/0.92 = 1.043

Enter Figure 6 to determine MHEAgsse/ [(MHAgoc) (NRF)]

Based on Figure 6 the valugés of MHEAsse / [(MHARacd (NRF)] = 0.72 and 0.54 for the 16% and 50% exceedence

And also from Figure 6 NRF = 1.19 for MHApgex = 0.21g
Therefore: MHFAgsse = (0.21)(1.19)(0.72 to 0.54) = (0.18g to 0.13g)
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& 16L* 16 and 84! probability of exceedance lines
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Figure 6, Normalized maximum horizontal equivalent acceleration for base sliding
versus normalized fundamental period of waste fill (adapted from Bray and Rathje 1998).

Cover Sliding Analysis — Determine the seismic coefficients near the crest and slope for the design earthquake.

3. Calculate the seismic loading, MHEAcoyz.

2'2_°'t'l'!_‘|'l‘l'l'
20 -, Rock site median
i8 [ - — — 1¢!h and 84! probability of exceedance lines
1.6 [«°%
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o2l
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Figure 8. Normalized maximum horizontal acceleration at the top versus lhe
normalized fundamental period of the waste i)l (from Bray and Rathje 1998).

MHAgocx = 0.21g, Ts/ Ty, = 1.043
MHA e | [(MHARoc) (NRF)] = 0.95g to 1.2g (50%/16% exceedence ) (Figure 8)
Determine MHA g,
MHA / (0.210)(1.19) = 0.95 to 1.2 (50% / 16%) from Figure 8
MHARe = (0.21)(1.19)(0.95 to 1.2) = 0.237g to 0.299g
MHEAyercrest = (1.25)(0.237 to 0.299) = 0.296¢ to 0.373g
MHEAcoyer swore = (0.65)(0.237 t0 0.299) = 0.154g to 0.194g

MHATR | [(MHArock ) (NRF)]
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APPENDIX C
CALCULATIONS
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MATLOCK BEND LANDFILL 2014 EXPANSION v| v‘
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LING LESCHINSKY VENEER CALCULATIONS




Matlock Bend Landflll

-

VENEER STABILITY EVALUATION (Finite Slope Evaluation) _

GEONET / GEOMEMBRAMNE INTERFAGE HOUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta+P + Kk W, sinfi+C4

W, (k; cosp+ sinB)

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)

¥ = unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

p = slope angle (DEG)

@ = angle of internal friction of the soil (DEG)

& = friction angle of soil-geonet interface

k, and ks, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L = length of slope

W, = weight of aclive wedge

Wg = welght of passive wedge

C ¢s = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of é and p

EVALUATE GEONET-GEOMEMBRANE INTERFACE
tans

' =
calll 7
Ces 8 ¢ tan ¢ Ky (1 - k) B cos Kn sin f L Wa c

Y H
0.917291587 | 26 I 28 10.531709I 0 I 1 0.94888'1'0.31564904’ 127 | 1.7 I 98 |21‘§58.2| 0 |

lTA = Cy tang [(1 - ky )cosB - ky, sinp ]Wﬂl

Ta= 9791.967 Ibf

nd
p= Wpl(1-Kky)tand - k;,1+C
L}
WHERE 2 AND = CO0S + cos
o [M=cos(4+P)cose| [, __H
87 sin 2 sinf
28 sin2p Ws b+p COSé+p C€COS¢ 1 c ca
368  0.5990236 6127138 464 0.689619544 0.8829 0.78104 0.00 0

P= 325.79 Ibf

VENEER STABILITY EVALUATION
GEONET-GEOMEMBRANE INTERFACE

Ta+P +k, W, sinB+C,
W, ( k;, cosp + sinp)

F, =

Fs= 10117.75 = 1.515
6678.57

SOURCE:FEB. 1997 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING , LING AND LESHCHINSKY



Matlock Bend Landflll

VENEER STABILITY EVALUATION (Finite Slope Evaluatlon)

GEOMET / GEOMEMBRAHE INTERFACGE HOUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta+P+ kW, sinf+C,
W, ( k;, cosp+ sinp)

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)

¥ = unit weight of slope material(s) (PCF)

7 = depth to the assumed failure interface or surface (FT)

B = slope angle (DEG)

@ = angle of internal friction of the soil (DEG)

3 = friction angle of soil-geonet interface

k, and k, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L =length of slope

W, = weight of active wedge

W; = weight of passive wedge

C 4 = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of $ and B

EVALUATE GEONET-GEOMEMBRANE INTERFACE

tans

C,p =
& tang W,= YHL
Cas 8 ¢ tang k., (1-k) B cosp  ky sin L Wa c

Y H
0.917291587 I_ZE | 28 ‘0.531709[ 0 | i 0.94888‘1'0.31564904r 127 l &7 l 98 | 33604.2 0

_|VTA = Cy tang [(1 - ky)cosf - ky, sinf ]Wn|

Ty = 15551.95 Ibf

and
- Wgl(1-kydtand - kyJ+C
n
WHERE [ %] AND |1] = cos (¢ + B)/ cosd ] H
Wi A3 C=c¢
8= Sin2p sing
2p sin2p Wz 6+p COS$é+p COS¢ 1 C Ca
36.8 0.5920236 1545.565 464 0.689619544 0.8829 0.78104 0.00 0

P= 821.79 Ibf

VEMEER STABILITY EVALUATION
GEONET-GEOMEMBRANE INTERFAGE

Ta+P Tk, W, sinB+Cy4
W, ( k, cosp + sinp)

Fs= 16373.74 = 1.5437
10607.13

SOURGCE:FEB. 1897 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING , LING AND LESHCHINSKY



Matlock Bend Landfill

VENEER STABILITY EVALUATION (Finlte Slope Evaluation) P

GEOMET / GEOMEMBRAMNE INTERFACE HOUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta+P+k,W sinf+Cy4

Fs =

W, ( k;, cosp+ sinp)

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)

¥ = unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

B = slope angle (DEG)

@ = angle of internal friction of the soil (DEG)

§ = friction angle of soil-geonet interface

k. and k, = vertical and herizontal seismic coefficients

H = thickness of soil cover

L = length of slope

Wy = weight of active wedge

Wy = weight of passive wedge

C 4 = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic intetface to that of the soil.
1 = function of ¢ and

EVALUATE GEONET-GEOMEMBRANE INTERFACE
tans

Cg=
wlll L
C g 8 13 tan¢ ky 1-k) B cosp  k, sin B ¢
0

¥ H L Vip
0.917291587 | 26 | 28 J0.531709| 0 l 1 D.%zzle]o.znzaozd 127| 2 | QBJ 24392[

‘ \TA_;_C‘_,S tanft [(1-ky)cosf- k), sinp ]WA 7

Ta= 11681.94 Ibf

and
b Walll-ky)tang - k,]+C
n
WHERE Z AND =c + cos
o [n1=cos (¢+P)/ cosd | coc M
B™ sin 2B sinp
28 sin2p Wy 6+p COS$+Bp COSé¢ 1 c ca
31.6 0.52398591 969.4917 43.8 0.721760228 0.8829 0.81744 0.00 0
P= 515.49 Ibf

VENEER STABILITY EVALUATION
GEONET-GEOMEMBRANE INTERFACE

Ta+P+k,W, sinff+C,
W, ( k;, cosp + sinf)

Fy =

Fs= 1219743 = 1.7997
6777.60

SOURCE:FEB, 1897 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING, LING AND LESHCHINSKY
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Matlock Bend Landflll

VENEER STABILITY EVALUATION (Finite Slope Evaluation) g

GEOMET / GEOMEMBRAHE INTERFACE HOUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta+P +k,W, sinp+C4
W, ( Kk, cosfi + sinp)

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)

y = unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

B = slope angle (DEG)

& = angle of internal friction of the soil (DEG)

5 = friction angle of soil-geonet interface

k. and k;, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L =length of slope

W, = weight of active wedge

Wp = weight of passive wedge

C 4 = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of ¢ and

EVALUATE GEONET-GEOMEMBRANE INTERFACE
tand

Ca=
* tond
Cos 8 ¢ tang k, (1-k) cosp  k, sin B H L Vi

B ¥ c
osarsasoss | 10 | 28 Josso] o ] 1 |18 ]oomss[ o Joswssesos 122 | 2 | es | 2amed o

[Ta = Gy tand [(1 - Ky Jcosp - K, sinp 1w,

Ta = 8132,819 Ibf

and _
p= Wel(l-ky)tand - k,]1+C
1
WHERE 2 AND = COS + cos
W 2H m (¢+P)/ cosd | c:cf—'
87 sin 2P sinp
2p sin2p Ws  6+p COS56+p COS¢ 1) c Ca
36.8 05990236 848.0467 46.4 0689619544 0.8829 078104 0.00 0
P=  450.91 Ibf

VENEER STABILITY EVALUATION
GEOHET-GEOMEMBRANE INTERFACE

Ta+P+k,W, sinB+C4
W, ( k;, cosp + sinp)

Fs = 8583.73 = 1.0925
7857.14

SOURCE:FEB, 1997 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING , LING AND LESHCHINSKY



Matlock Bend Landfill

VENEER STABILITY EVALUATION (Finite Slope Evaluatlon) S >

GEOMET / GEOMEMBRANE INTERFACE OUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta+P +k,W, sin+C,
W, ( k;, cosp + sinf3)

B =

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)

+ = unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

B = slope angle (DEG)

& = angle of Internal friction of the soil (DEG)

& = friction angle of soil-geonet interface

k , and ky, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L = length of slope

W, = weight of active wedge

W = weight of passive wedge

C ¢ = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = fundction of ¢ and

EVALUATE GEONET-GEOMEMBRANE INTERFACE
tand

C =
" tang W,= THL
s F 6 tané k, (1-k) cosfp Kk, sin H L Vi c

B Y
0.917291587 r 2 | 28 |n.531709| 0 | 1 0.92849|I]0.37136764|_12?I 2 | 98 | 24892 0

[Ta = G g tand [(1 - Ky JcosB - ky, sinpIW,]

Ta= 11272.41 Ibf

and
- W1l -ky)tand - k1+C
n
WHERE 3 AND [q = cos (¢ + PB)/ cosd l H
W= TH =c
2= Sin2p sinp
2p sin2p Ws 6+p COSé+p  €OSé 1 c Ca
436  0.68961954 736.6381 49.8 0.645457688 0.8829 0.73103 0.00 0
pP= 391.68 Ibf

VENEER STABILITY EVALUATION
GEONET-GEOMEMBRANE INTERFACE

Ta+P+k,W, sinB+C,4
W, (k;, cosp+ sinf3)

B =

Fs= 11664.09 = 1.2618
9244.09

SOURGE:FEB. 1997 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING , LING AND LESHCHINSKY
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Matlock Bend Landfill el
‘& Ay

Ny
ENGINEERING LLC

VENEER STABILITY EVALUATION (Finlte Slope Evaluation)

GEONET / GEOMEMBRAME INTERFACE HOUSE
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta+P +k,W, sinf+C

=

W, (ky, cosfi+ sinf)

¢ = cohesion (PSF)  C, = adhesion{note:adhesion has been ignored)

¥ = unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

p = slope angle (DEG)

& = angle of internal fricton of the soil (DEG)

§ = friction angle of soil-geonet interface

k and ky, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L = length of slope

W, = weight of active wedge

Wy = weight of passive wedge

C 45 = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of ¢ and B

EVALUATE GEONET-GEOMEMBRANE INTERFACE
Com tan é
%" tan ¢ W,= THL

Coas 8 ¢ tané k, (1-k) p cosBp k, sinp

¥ H L Wp c
1.130054468| 31 | 28 |0.531709| 0 | 1 0.94888@0.31564904 127 2 98 24892] 0

|TA = G tand [(1- k, )cosp - Ky, sinp ]WA

Ta= 14191.98 Ibf

and
- Wgl(l-ky)tand - k,1+C
T
WHERE 1H2 AND |1]'= cos (¢ + B)/ cosd | H
W= m sinp
2p sin 2p Wg &+p COS$+p C€COS¢ 1 C Ca
36.8 0.5990236 848.0467 46.4 0.689619544 0.8829 0.78104 0.00 0
P= 450.91 Ibf
VENEER STABILITY EVALUATION
GEONET-GEOMEMBRAME INTERFACE
E = Ta+P +kuwA5inp+Ca
° W, ( k), cosB + sinB)
Fs=  14642.89 = 1.8636
7857.14

SOURCE:FEB, 1897 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING , LING AND LESHCHINSKY
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For GSI/GRI members only Constructed by: Te-Yang Soong

Matlock Bend Landfill Veneer Stability Analysis

Placement of Protective CoverAnalysis with the Incorporation of Equipment Loads
(Equipment is Moving Down-Slope)

Calculation of FS
Active Wedge:
Wa= 23198.1 Ib
Na= 22012.1 1b
Passive Wedge:
Wp= 848.0 Ib
-b+Yb2 -4ac
FS =. A d
24
a=  8849.9
b= -10270
c= 13662
| Fs= 1.01 |
. thickness of cover soil =h = 2.00}ft
soil slope angle beneath the geomembrane = = 18.4/° = 0.32 (rad.)
finished cover soil slope angle = = 18.4)° = 0.32 (rad)
length of slope measured along the geomembrane = L = 98.0|ft
unit weight of the cover soill=y= 127.0[Ib/ft"3
friction angle of the cover soil = ¢ = 26.0|° = 0.45 (rad)
cohesion of the cover soil=c= 0.0]ib/t"2 c=0 Ib
interface friction angle between RSL and geotextile = 8 = 19.0|° = 0.33 (rad)
adhesion between RSLand geotextile = ca= 0.0]Ibffth2 Ca= 0 Ib
weight of equipment = WE= 17163]Ib
thickness of cover soil = h = 2.00 ft b/mh= 1.1
equipment ground pressure (= wt. of equipment/(2 1w)) = q = 610|Ib/ftr2 We=q 11= 3963.8
length of each equipment track = 1 = 6.7|ft Ne=Wecosfg= 3761.2
width of each equipment track =w= 21|t Fe=We x (a/g) x I = 753.1
influence factor* at geomembrane interface =1 = 0.97
acceleration/deceleration of the bulldozer =a = 0.19]g
*Influence Factor Defaukt Values
Cover Soi Equipment Track Width Note:|numbers in boxes are input values
Thekness | ey Wids Wida srdad numbers in lfalics are calculated values
2300 nm 1.00 0.97 0.94
300-1000 mm 0.97 0.92 0.70
31000 nm 0.95 0.75 0.30




I

For GSI/GRI members only

Matlock Ben Landfill Veneer Stability Analysis

Constructed by: Te-Yang Soong

Placement of Protective CoverAnalysis with the Incorporation of Equipment Loads
(Equipment Is Moving Up-Slope)

Calculation of FS

Active Wedage:
Wa= 12022.5 1b

Na= 11407.9 Ib

Passive Wedge:
Wp= 212.0 Ib

rg=-b+ Vb2 - dac)
2a

a= 4788.1
b= -5916
c= 876.6
| Fs= 1.06 |
thickness of cover soil =h = 1.00|ft
soil slope angle beneath the geomembrane = f§ = 18.4/° = 0.32 (rad)
finished cover soil slope angle = @ = 18.4)° = 0.32 (rad)
length of slope measured along the geomembrane = L = 98.0|ft
unit weight of the cover soil=v= 127.0|Ib/ftr3
friction angle of the cover soil = ¢ = 28.0|° = 0.49 (rad)
cohesion of the cover soil=c= 0.0|Ib/ftr2 Cc=0 Ib
interface friction angle between RSL and geotextile =& = 19.0)° = 0.33 (rad)
adhesion between RSLand geotextile = ca= 0.0|Ib/ftr2 Ca= 0 Ib
weight of equipment = WE= 17163|Ib
thickness of cover soil = h = 1.00 ft b= 2.1
equipment ground pressure (= wt. of equipment/(2 1w)) =q = 610]|Ib/fth2 We=q11= 39638
length of each equipment track= 1 = 6.7|ft Ne=Wecos = 3761.2
width of each equipment track =w= 2.1]ft Fe=We x (a/g)x 1 = 0.0
influence factor* at geomembrane interface =1 = 0.97
acceleration/deceleration of the bulldozer =a = 0.00|g
*Influerce Fastor Defauk Valies
—— Equipment Track Widh Note:|numbers in boxes are input values |
Thickness | vy Wide Wide Standard numbers in Italics are calculated values
2300 nm 1.00 097 0.4
300-1000 nm 0.97 0.92 0.70
#1000 mm 0.9 0.75 0.30
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Matlock Bend Landflll
VEMEER STABILITY EVALUATION (FInlte Slope Evaluation)

GEOMET / GEOMEMBRAME INTERFACE HOUSE ENGINEERING LLC
~ALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta + P +k, W, sinB+C,
W, (kK cosp+ sinf)

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)

¢ = unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

p = slope angle (DEG)

@ = angle of internal friction of the soil (DEG)

§ = friction angle of soil-geonet interface

k, and kg, = vertical and horizontal seismic cosfficients

H = thickness of soil cover

L = length of slope

W, = weight of active wedge

W; = weight of passive wedge

C 45 = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of ¢ and

EVALUATE GEONET-GEOMEMBRANE INTERFACE

tana
Cp=
%" tand Wo= THL
Cas 8 ¢ tang k, (1-k) pcosp k, sing ¥ H L Wa c

0936876076 | 2648 | s |0.531709[ o | 1 0.94888510.31564904'7127| 2 | es | oas92] o |

_ |TA = F:ds tand [(1 - Ky )cosP - Ky, sinfl ]WA|

Tp= 11765.92 Ibf

nd .
e Wgl(l -ky)tand - k,1+C
n
WHERE z AND [1] = cos (¢ + B)/ cosé | H
w.= 7 H C=c¢
B~ sin 2B sinp
2p sin2p W, 6+p COSé+p COS¢ 1 c Ca
36.8 0.5990236 B848.0467 464 0.689619544 0.8829 0.78104 0.00 0
P= 450.91 Ibf

VEHEER STABILITY EVALUATION
GEONET-GEOMEMBRANE INTERFAGE

Ta+P+k,W, sini+Cy4

F =
W, ( ky, cosp+ sinp)
Fs= 12216.83 = 1.5549
7857.14

SOURCE:FEB. 1897 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING, LING AND LESHCHINSKY



Matlock Bend Landfiil - }P
VENEER STABILITY EVALUATION (Finite Slope Evaluation) =

a _ W[t
GEOMET / GEOMEMBRANE INTERFACE HOUSE ENGINEERING LLC
~ALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta + P +k,W,sinp+Cg4

F. =
° W, ( k;, cosp+ sinf)

¢ = cohesion (PSF)  C, = adhesion{note:adhesion has been ignored)

= unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

B = slope angle (DEG)

@ = angle of internal friction of the soil (DEG)

& = friction angle of soil-geonet interface

k , and ky, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L =length of slope

W), = weight of active wedge

Wp = weight of passive wedge

C 4 = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of ¢ and

EVALUATE GEONET-GEOMEMBRANE INTERFACE
tan s

C..=
& tang W= THL
Cas tang ky (1-k) cos ki sin p H L Wa c

& 4 B ¥y
0.917291587] 26 | 28 _|o.531709|j 1 0.95475[110.29737437[ 127l 2 | 98 | z4agz| 0 |

1TA = Cyotang [(1-ky)cosB - Ky, sln[}]WA)

Ta = 11591.41 Ibf

nd
& Wgl(1-ky)tang - k,1+C
n
WHERE z AND = cos (& + B)/ cos
L [n @+B)/cos¢] [.__H
B~ 5in2p sinp
2p sin 2 W, o+p COSp+p  €COS¢ 1 c ca
34.6 0.56784375 894.6123 453 0.703394703 0.8829 0.79664 0.00 0

P= 475.67 Ibf

VEHEER STABILITY EVALUATION
GEONET-GEOMEMBRAMNE INTERFACE

Ta+P+k,W,sinf+C,

E, &
W, ( ky, cosB+ sinf3)

Fs=  12067.08 = 1.6302
7402,26

SOURCE:FEB. 1997 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING , LING AND LESHCHINSKY



Matlock Bend Landflll ot %

K _J

VENEER STABILITY EVALUATION (Finlte Slope Evaluation)

GEOMET / GEOMEMBRANE INTERFACE HOUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta + P+ kW, sinf +Cy4

W, ( k;, cosp + sinf)

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)
¥ = unit weight of slope material(s) (PCF)
z = depth to the assumed fallure interface or surface (FT)
= slope angle (DEG)
@ = angle of internal friction of the soil (DEG)
& = friction angle of soil-geonet interface
k., and k, = vertical and horizontal seismic coefficients
H = thickness of soil cover
L = length of slope
w,, = weight of active wedge
Wp = weight of passive wedge
C 4. = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of ¢ and B

EVALUATE GEONET-GEOMEMBRANE INTERFACE

tana
C =
“” tend
C s 5 S tan ¢ K (1-k) B cosp  k, sin B H L Vi ¢

.
0.917291587 r % | 8 |0.531709r OJ 1 0.94322[3 0.33216113r127| 2 | o8 | 24892[ o |

|TA = Cy tang [(1 - ky)cosP - ky, sinf3 JW,

Ta= 11451.33 Ibf

and
p= Wsl(-ky)tand - k,1+C
n
WHERE S AND = cos (& + P)/ cos
o [=cos@rpycose | [
8= Sin2p sinp
28 sin2p Wy $+p COSé+p COS$ 1 c ca
388 062660381 8107196 474 067687597 0.8829 076661 0.00 0
P= 431.07 Ibf

VEHEER STABILITY EVALUATION
GEONET-GEOMEMBRAME INTERFACE

Ta+P+k,W, sinf+Cy

W, ( ky, cosp+ sinf)

Fs= 11882.39 = 1.4371
8268.15

SOURCE'FEB. 1997 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING, LING AND LESHCHINSKY



Matlock Bend Landfill gp
VENEER STABILITY EVALUATION (Finite Slope Evaluation) Gty

= N E
GEOMET / GEOMEMBRAME INTERFACE HOUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

TA+P+kvasinﬁ+C]

W, (k, cosp+ sinf)

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)

4 = unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

p = slope angle (DEG)

& = angle of internal friction of the soil (DEG)

5 = friction angle of soil-geonet interface

k, and k, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L =length of slope

W, = weight of active wedge

w; = weight of passive wedge

C 4 = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of ¢ and p

EVALUATE GEONET-GEOMEMBRANE INTERFACE

_ tans
S ang

Cys b 3 tany k., (1-k) B cosp  k, sinp ¢

Y H L Wa
0.917291587 l:zs | 28 |0.531709| 0 I 1 0.94888[_7__'0.31564904[ 127| 1.9 | 934! 23647.4[ 0 |

|T,\ = Cytang [(1 -ky)eosB - ky, slnﬁ]w,\j ]

Ta= 10943.96 Ibf

and
P Wgl(1-ky)tand - k,1+C
n
WHERE _ 1H2 AND |1| = cos (¢ +B)/ cosq;J - H
8= Sin2p sinf
28 sin2p W, &+B COS$+p COSé 7 C Ca
36.8 0.5900236 765.3622 464 0.689619544 0.8829 0.78104 0.00 0
P= 406.95 Ibf

VENEER STABILITY EVALUATION
GEONET-GEOMEMBRAMNE INTERFACE

Ta + P+ kW, sinB +Cy4

F .=
y W, (k; cosp+ sinp)
Fs=__ 11350.91 = 1.5207
7464.28

SOURCE:FEB. 1997 VOL. 123 NO.2 JOURNAL OF GEQTECHNICAL AND GEOENVIRONMENTAL ENGINEERING , LING AND LESHCHINSKY



Matlock Bend Landfill

VENEER STABILITY EVALUATION (Finite Slope Evaluation)

il -
GEOMET / GEOMEMBRAMNE INTERFACE HOUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta+P + R, W, sinf +Cy4
W, ( k;, cosp+ sinB)

F, =

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)
¢ = unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

p = slope angle (DEG)

& = angle of internal friction of the soil (DEG)

§ = friction angle of soil-geonet interface

k , and ky, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L =length of slope

W, = weight of active wedge

W; = weight of passive wedge

C ¢ = ratio of the shear strength of soll-geasynthetic or geosynthetic-geosynthetic interface to that of the soil.

1 = function of $ and

EVALUATE GEONET-GEOMEMBRANE INTERFACE
tané

| G
" tang Wh= THL
Cus 8 ¢ tané k, (1-k) p cosBp k, sinp L Vi .

¥ H
oo17201587 |26 | 28 | 053700 0 | 1 o.%ssa[Ilo.awswod 127 | 24 | e8| 2s1386 o0 |

|T”‘ = Cy tand [(1 -ky)cosfi - ky, sinp ]M

Ta= 12095.96 Ibf

and
p= Wal(-kyltand - ky1+C
n
WHERE e 1H2 AND |q=cos(¢+p)/ cosd I . H
B sin2p sinp
2p sin 2 p Wy o+p COS¢+p  COS¢ 1) c Ca
36.8 0.5990236 934.9715 46.4 0.689619544 0.8829 0.78104 0.00 0
P= 497.13 Ibf
VENEER STABILITY EVALUATIOH
GEONET-GEOMEMBRAME INTERFACE
£ = Ta +P + kW, sinfi+C,
° W, (K, cosB+ sinp)
Fs=_  12693.09 = 1.5264

8249.99

SOURCE:FEB. 1997 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING , LING AND LESHCHINSKY



Matlock Bend Landilll
VENEER STABILITY EVALUATION (Finite Slope Evaluatlon)

GEOMET / GEOMEMBRAMNE INTERFACE HOUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta+ P +kyW,sinp +C,
W, ( k, cosp + sinf)

F =

¢ = cohesion (PSF) G, = adhesion{note:adhesion has been ignored)

v = unit welght of slope matenrial(s) (PCF)

z = depth to the assumed failure interface or surface (fT)

p = slope angle (DEG)

@ = angle of internal friction of the soil (DEG)

& = friction angle of soll-geonet interface

kv and ky, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L = length of slope

W, = weight of active wedge

Wz = weight of passive wedge

C 4 = ratio of the shear strength of soll-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of  and p

EVALUATE GEONET-GEOMEMBRANE INTERFACE

 tand
C.p=
s =
Cus 8 ¢ tang k, (1-k) p cosp kg sin p y H L Wa ¢
0.853531186 I 2441 l 28 I0.531709| 0 I 1 0,94888|I|0.31584904‘ 127 | 2 I 98 | 24892[ 0 l

lIA = Cy tand [(1 - ky )cosp - ky, sin ]WA|

Ta= 10719.22 Ibf

and
p= Wgl(1-ky)tand - kpl+C
n
WHERE AND =
. 1H2 |1] cos(¢+|})/cos¢J _ |-|
B~ Sin 2P sinf
2B sin2p Wp o+p COS$+p cos¢ il C Ca
36.8 0.5990236 848.0467 46.4 0.689619544 0.8829 0.78104 0.00 0

P= 450.91 Ibf

VENEER STABILITY EVALUATION
GEOMET-GEOMEMBRAMNE INTERFACE

Ta+P+k,W, sinf+C,
W, ( k;, cosfp + sinp)

By =

Fs= 1117043 = 1.4217
7857.14
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MATLOCK BEND LANDFILL SLOPE STABILITY ANALYSIS

GLOSSARY OF TERMS / NOTATIONS

c = s0il cohesion (Pa)

cm/sec = centimeters per second

Do = significant duration of acceleration-time history (s)
FS = factor of safety (dimensionless)

FSauc = static factor of safety (dimensionless)

G = shear modulus (Pa)

Gpae = maximum shear modulus (Pa)

g = acceleration due to gravity (m/s?)

GRI = Geosynthetics Research Institute

H = height of landfill waste or cover thickness (m)
HE = House Engineering LLC

HEA = horizontal equivalent acceleration (m/s?)

HCV = highest conceivable value

kN/m*® = Kilonewtons per bubic meter

k = permeability (cm/sec)

k = seismic acceleration coefficient (dimensionless)

Ko = maximum seismic acceleration coefficient = MHEA/g (dimensioniess
K, = yield acceleration coefficient (dimensionless)

kPa = kilopascal

L = length of midsection of landfill (m)

LCV = lowest conceivable value

g = |ength of cover slope mass (m)

LLDPE = Low Density Polyethylene
MBL = Matlock Bend Landfill

MHA = maximum horizontal ground acceleration (m/s?)

MHA. = maximum horizontal ground acceleration at crest of landfill (m/s%)
MHAz = maximum horizontal ground acceleration of rock (m/s?)

MHAs,, = maximum horizontal ground acceleration of site (m/s?)

MHA, = maximum horizontal ground acceleration at top of landfill (m/s?)
MHFA = maximum horizontal equivalent acceleration (m/s?)

MHEA,,., = maximum horizontal equivalent acceleration at base of landfill (m/s?)

MHFA,,.,= maximum horizontal equivalent acceleration of landfill cover sliding mass (m/s%)
ks MLV = most likely value

HOUSE ENGINEERING 1LC
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MATLOCK BEND LANDFILL SLOPE STABILITY ANALYSIS

GLOSSARY OF TERMS / NOTATIONS (continued)

mm = millimeter

m/s = meters per second

My, = moment magnitude of earthquake event (dimensionless)
psf = pounds per square foot

PSR = parallel submergence ratio

NRF = nonlinear response factor (dimensionless)

RFCR = creep reduction factor

R = seismic displacement reduction factor = k, / k,, at selected displacement (dimensionless)

Rs = seismic displacement reduction factor = k, / ,,,, at selected base displacements (dimensionless)
Re = seismic displacement reduction factor = &, / ..., at selected cover displacements (dimensionless)
Santek = Saniek Waste Services LLC

S = hack-slope run to height ratio (dimensionless)

S, =front-slope run to height ratio (dimensionless)

Ty = mean period of acceleration-time history (s)

Toa = mean period of earthquake (s)

Tp = predominant period of ground motion (s)

T = predominant period of earthquake (s)

T; = fundamental period of column of waste fill (s)

T = fundamental period of fill material (s)

Towsie = fundamental period of waste

{ = time ()

) = seismically induced permanent displacement (mm)
USEPA = United States Environmental Protection Agency

A = average shear wave velocity (m/s)

Y] = slope angle of cover from horizontal (°)
€ = sfrain (dimensionless)

0 = transmissivily (cm/sec)

) = internal friction angle (°)

¥ = total unit weight (N/m®)
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SLOPE STABILITY ANALYSIS
MATLOCK BEND CLASS | LANDFILL
LOUDON, TENNESSEE
1.0 INTRODUCTION
The purpose of this analysis is to evaluate the slope stability of the proposed expansion of the Matlock Bend Class |

Landfill (MBL) near Loudon, Tennessee. In addition, the impact of potential seismic forces on the stability of the
proposed waste fill expansion has also been evaluated. A number of different slope analyses were utilized to evaluate
the static slope stability and the stability of the waste fill under the projected seismic loadings for the event specified by
the Environmental Protection Agency in the Subtitle D regulations. The specific event is noted as the earthquake event

that has a two percent probability of occurrence in fifty years or a 100 percent probability of occurrence in
approximately 2,500 years. Figure 30 from the United States Geological Survey (USGS) Open-File No.2008-1128 and
the interactive map provided on the USGS website were used to determine the maximum horizontal acceleration for the

event specified as per the Subtitle D regulations.

The August 2008 hydrogeological report prepared by Civil & Environmental Consultants, Inc. (CEC) was the source of
the subsurface and hydrogeological information used for this slope stability evaluation. The waste fill embankment
sections were obtained from the design drawings prepared by Santek Environmental (SE). Currently accepted
engineering methods were employed to evaluate the stability of the MBL slopes. In addition, the Tennessee Division of
Solid Waste Management (TDSWM) guidance policy was used to assist with the determination of the impact of the

specified seismic event on the proposed municipal solid waste facility.

The TDSWM guidance policy presents two major design concerns regarding the seismic impact on the stability and
safety of municipal solid waste landfills in Tennessee. These concerns are as follows:
» Leachate collection systems and waste cells shall be designed to function without collection pipes for

solid waste fill embankments that are predicted to undergo more than six inches of deformation.

> No landfill shall be acceptable if the predicted seismic induced deformations within the waste fill
exceed one-half the thickness of the clay liner component of the liner system.

The cross section identified on the permit drawings as Section C poses the greatest challenge from a slope stability
perspective; hence, House Engineering LLC (HE) concentrated the global slope stability evaluation on this section.

2014 Landfill Expansion Submitlal 1
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2.0 DEVELOPMENT OF MODEL FOR SLOPE STABILITY EVALUATION
Section C-C was developed to represent the worst case section through the proposed Matlock Bend Landfill. A number

WasteServices

of borings and laboratory testing data were used to establish the subsurface conditions beneath the site. Borings B-60,
PZ-51, B-58, B-59, SB-47, and PZ-48 were specifically used to help establish the subsurface conditions beneath the
site due to their depth and location.

The following Drawings were used to prepare the seismic slope stability model:

CEC Drawing 3 Seasonal High Groundwater Contours and Summary Table
Santek Drawing 6 Top of Clay Liner and Geomembrane Plan
Santek Drawing Final Cover Plan

Santek Drawing 12 Base Grade and Final Cover Details

2.1 FINAL CONDITION SLOPE GROSS-SECTION C DESCRIPTION

Cross-Section C is oriented from west to east through the Class | waste fill. The location of this cross-section was
chosen to depict the deepest section of waste that also was representative of the- subsurface conditions beneath the
site. Another factor was due to the direction of the slope in the base of the landfill. The overall length of the cross-
section evaluated exceeded 1,000 feet. The maximum depth from the base of the landfill to the crest of the top deck
of the waste fill approximates 200 feet at an elevation of 1120 feet Average Mean Sea Level. This thickness of waste
approximates the maximum thickness proposed at the facility. | '

2.2 CROSS-SECTION OF LANDFILL BASE
The bottom liner design of the landfill consists of the following

6 oz. Geotexlile

12* Aggregale

components:
6 oz. Geotextile
° 6 ounce Geotextile o (’;"L" HEPE Hne
o 12-inch thick #57 Stone Leachate Collection Layer;
: 2 FL. Clay Liner
o 6 ounce Geotextile
o 60-mil HDPE Textured Geomembrane; o
o Geocomposite Clay Liner \\\\\ : // N _
K s q F el froie / t. Geologic Buffer
o 24-inch thick layer of Recompacted Soil Liner (max. 1 X \\,;\-,/ Lo
5 X T [
10™ ecm/sec); and _ \\\T\\_\s\\ﬁtfxt ;,:
o 5-foot thick Geologic Buffer layer (max. 1 x 10°® cm/sec). ?_\\\.: N

N
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Unit weights and shear strength parameters, consisting of internal and interface friction angles and cohesion or

adhesion values, were assigned to the proposed soils and geosynthetics and, where possible, were hased upon
laboratory testing of site specific materials. Typical strength and unit weight parameters from the available literature
were assigned to municipal solid waste (MSW) and compacted soil liner. The soil and waste materials and
corresponding shear strength parameters used within the analysis are summarized and discussed in the following
sections:
2.3 PHYSICAL PARAMETERS OF LANDFILL AND SUBGRADE MATERIALS
2.3 MSW Unit Weight
The unit weight for the Municipal Solid Waste (MSW) used in the stability analyses was taken from back-
calculations performed by Geosyntec Consultants (Geosyntec) as a result of the slope failure in Module G of
the Matlock Bend Landfill. Geosyntec determined the wet density of the waste in the MBL to approximate 90
pounds per cubic foot (PCF) from back-calculations performed from the 2010 slide whose failure plane was
limited to the waste mass. A unit weight of 90 pcf is the upper limit of wet densily as reported in the literature.
It has been reported that MSW, which consists of 16% sludge, approximates a wet unit weight of 63 to 70 pcf.
Based upon a review of the literature and experience at another site HE has used 75 pcf for static and dynamic
modeling of the MBL waste fill.

2.3b  MSW Shear Strength .

The shear strength of the MSW was obtained from recent conversations with Dr. Robert Koerner and Greg
Richardson. Koerner and Richardson both indicated that, generally, the strength of MSW could be modeled
with an angle of internal friction (¢) of 33°.

In addition, a Mohr-Coulomb failure envelope was reviewed in an effort to model the shear strength of the
MSW. Given the variability of MSW, at best an approximate shear strength envelope can be produced. The
shear strength envelope input into the program was taken from a USEPA technical report entitled "RCRA
Subtitle D (258) Seismic Design Guidance for Municipal Solid Waste Landfill Facilities," (Reference 10). Figure
2 below shows the waste shear strength envelope used within this analysis.

250
1& ﬁ;l::r%l.nnnoﬁ Reynolds (1991) =
T 200 2 Lot mﬁ»“ﬂ" (o) "
P -l © Private Fac e
~ - a Pagotlo & leoldl %987)
i 1 e Lu:ndu\ & Clark (19
a 150:
E N
= N
“2 100~
-
i 50+
7 i
* *~— 24 kPa
0’_llll'liT'['lil['ll]]llfll['lllllll
M 0 50 100 150 200 250 300 350

NORMAL STRESS (kPa)
Figure 2 — Bi-Linear Shear Strength Envelope for Municipal Solid Waste Kavazanjian, et al.
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The USEPA document references a study performed by Kavazanjian, et al. (Reference 6) that compared and
graphed the results of seven studies performed on the strength of MSW. In six of the studies, the strength of
the MSW was determined by back-analysis of waste slopes. One of the studies used the results of
large-scale, in-situ direct shear tests. The waste strengths were plotted on a single figure that showed a
bi-linear trend in the strength of the MSW. For low normal stresses, up to approximately 30 kPa (626 psf) the
waste strength was primarily cohesive in nature with shear strength of approximately 24 kPa (500 psf). At
normal stresses above 30 kPa, the waste strength was frictional in nature with the strength of the waste
increasing with increasing normal stresses represented by a friction angle of approximately 33".

Another source of shear strength of MSW by Mojan makes the following statement about the shear strength of
MSW: "Most friction angles fall between 28° and 42° while cohesion fell within a range of 0 to 835 psf. The
direct shear strength tests conducted in this study yielded a friction angle of 41° and cohesion of 501 pst.”

Finally, Geosyntec back-calculated the shear strength of the waste which underwent a slide at the site in 2010
by varying the strength parameters input into the pseudo-static computer analysis to determine the values
that would result in a factor of safety of one which is considered as imminent failure. The results of the
analysis revealed that the angle of internal friction of the slide affected waste approximated 20°. Therefore,
HE has decided to model the slope stability of the waste fill by using an angle of internal friction of the slide
affected waste of 20° and future waste placed in the landfill with an angle of internal friction of 33°. The
increased angle of friction for future waste placed in the landfill was recommended by Geosyntec due to the
fact that Santek has adopted a sludge management plan which involves mixing of the waste with sludge as
well as limiting the percentage of sludge disposed in the waste fill.

2.3¢  In-Place Soil Strength Parameters
The soil physical parameters used in the slope stability analyses were determined from correlations between
tests performed during the Hydrogeological Investigation performed by CEC, back-calculations from the 2010
slide at the site, and typical strength parameters that have been encountered with similar soils. Effective
strength parameters were used to estimate the factor of safety for slope stability of the proposed waste fill due
to the low rate of waste disposal / loading of the underlying site soils. The effective friction angle used is
68% of the estimated actual strength of the site soils as determined from the hydrogeologic investigation.
The strength of the site soils have been estimated to have an effective internal friction angle of 28°.

Ygy = Dry Unit weight = 102 pcf,

Yua = Wet Unit weight = 126.5
s, = Internal friction angle (effective)= 19 degrees
Ces = cohesion (effective) = 0 pst

HOUSE ENGINRING e
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2.4d Interface Strengths of Geosynthetics Liner Materials

HE has implemented the recommendations from Stark and Choi (2004) regarding the stability analysis of
geosynthetic-lined landfill bottoms and interior sideslopes. Specifically, Stark and Choi recommend
evaluating the failure envelope that corresponds to the lowest peak strength of one or more geosynthetic
interfaces because geosynthetic interface strength is stress-dependent. Stark and Choi further state that if
more than one interface is used to develop the failure envelope for the interface with the lowest peak strength,
the envelope is referred to as a composite failure envelope.

(1) The procedure for construcling a peak composite failure envelope for multi-layer liner and cover
systems uses the following three steps:

(@) Determine the interface(s) or material(s) in the composite liner system exhibiting the lowest peak
strength for the full range of normal stresses encountered along the bottom liner system.

(b) Determine the peak composite failure envelope for the weakest interfaces(s) or material(s) in the
composite liner system for the full range of effective normal stresses encountered along the liner
system.

(c) Determine the residual composite failure envelope that corresponds to the peak composite
failure envelope in Step (b).

(2) Utilizing the peak and residual composite failure envelopes obtained above, the two design
scenarios for the bottom liner systems with a sideslope presented by Stark and Poeppel (1994)
can be used: '

(a) Assign residual shear strengths to the sideslopes and peak shear strengths to the base of the
liner system and satisfy a factor of safety greater than 1.5, and

(b) Assign residual strengths to the sideslopes and base of the liner system and satisfy a factor of
safety greater than 1.0 or 1.1 if direct shear data are used.

HE has applied residual and peak strengths as Stark and Choi have recommended in the procedure outlined
above to analyze the stability of the geosynthetic-lined landfill bottom and interior sideslopes. HE has taken
the results from recently performed peak and residual interface testing of actual geosynthetics used to
construct a base liner system with an almost identical design to evaluate the block/wedge stability of the
proposed MBL expansion. The actual laboratory test results determined from the aforementioned project
which have been used in the geosynthetic interface stability analysis of the proposed MBL bottom liner
design are provided in Table 1.

It is extremely important to nole that for an interface involving a lextured geomembrane and any other
material, the key factor influencing the interface strength is the asperity height. Asperily should be measured
per the GRI GM12 test method. An asperity height of 20 mils is the target value above which the shear
strength properties of any geomembrane interface will not vary significantly. Figure 3 taken from the arlicle
“Interface Shear-Strength Properties of Textured Polyethylene Geomembranes”, by Blond and Elie of Quebec,
Canada illustrates the influence of asperity on shear strengih.

2014 Landfill Expansion Submittal 5
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Figure 3 - Comparison of Peak and Residual Shear Strengths of Tested Interfaces
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Table 1 — Summary of Material Properties
Residual Peak
Peak Angle Angle of Cohesion Residual
Dry Unit Wet Unit of Internal Internal / Cohesion /
Weight Weight Friction (&) Friction (&3) Adhesion Adhesion
Material Ibs./cu.ft. Ibs./cu.ft. (degrees) (degrees) (psf) (psf)
In-Place Soil 121 127 23 19 0 0
Cormpacted 124 127 28 18 0 0
Soil Berm
Future Waste 70 90 33 20 0 0
Slide Impacted 1
Waste 79 Q0 NA 20 0 0
Composite i v i =
Geosynthetic 62 62 13.3% 5.67 11977 700%
Interface

' Slide impacted waste is presently at residual strength.
2Vialues are taken from recent testing of similar interfaces proposed for the MBL liner system.

3.0  GLOBAL STABILITY ANALYSIS

Pseudo-Static Analysis
Pseudo-static slope stability methods were performed on the most critical section (section C) of the proposed

landfill expansion. The landfill cross section was constructed by taking the design final cover, design liner
grades, and groundwater table elevations and importing them into the STEDWin program which formats the
information for input into STABL5M.

2014 Landfill Expansion Submittal 6
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Slope Stability Methodology

The ordinary method of slices (OMS) also referred to as the Swedish Circle Method which was first used for
slope stability analyses ignored both shear and normal interslice forces and considered only moment
equilibrium. It was determined that the normal forces would not generally satisfy equilibrium in directions
other than those normal and parallel to the base of each slice. Hence, such neglection of interslice forces
could lead to unrealistic results.

The OMS has been modified to satisfy moment equilibrium and to include interslice normal and shear forces.
Generally, the modified Bishop procedure is recommended when the slip plane/surface can be approximated
by a circular arc.

The method most convenient for irregular slip surfaces is Janbu’s simplified procedure. The Janbu procedure
includes interslice normal forces and satisfies horizontal force equilibrium. The Janbu method can lead to
overly conservative designs.

The most accurate limit equilibrium method is referred to as Spencer’s Method. The reason Spencer’s Method
is considered more accurate is based upon the fact that it considers moment equilibrium and includes both
normal and shear interslice forces. Spencer's method of slices has been incorporated into STABLSM and the
STEDWin program to enhance the accuracy of the stability methods. :

Five different methods of evaluating the pseudo-static slope stability of the most critical MBL expansion cross

section were performed which are as follows:

\ Janbu Circle

Modified Bishop Circle
Modified Janbu “Random Failure Plane Search Routing”

Block or Wedge Analysis

Spencer's Method
In summary, each of these methods was utilized to evaluate the global slope stability of the MBL proposed
expansion. The Janbu Circle method identified a failure plane that penetrated the liner system and revealed the
lowest factor of safety for slope stability of 1.54. Spencer's method was used to further evaluate the failure
plane identified with the lowest FS. Spencer's method calculated the global factor of safety for slope stability
of the weakest failure plane to approximate 1.71
Table 2 has summarizes the results of the specific methods used to evaluate the slope stability of the landfill
and the corresponding factors of safety for global and block/wedge failures . The estimated failure planes and
output files are graphically depicted and provided in Appendix B.
A review of Table 2 reveals that all of the pseudo static methods used to evaluate the slope stability of the
proposed MBL expansion produced factors of safety (FS) against slope failure which exceeded the industry

accepted minimum threshold FS value of 1.5.
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40  DETERMINATION OF SITE SPECIFIC SEISMIC COEFFICIENT
The subtitle D regulations require landfill designs to be evaluated under seismic loading conditions resulting from the

seismic event with a 2% probability of exceedence in 50 years. The United States Geological Survey (USGS) has
developed an interactive hazard map to determine the peak horizontal ground acceleration which can be used to predict
seismic induced ground deformations and movements. Figure 4 provides the results of the predicted peak ground
accelerations resulting for different probabilities from the USGS interactive map.

Figure 4 - USGS Seismic Map
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However, the use of one ground motion parameter as a design basis is considered somewhat simplistic and overly

conservative since the frequency and duration of ground motion are equally important parameters. Bray, Rathje,
Augello and Merry (1998) have developed a simplified seismic analysis procedure for geosynthetic-lined, solid waste
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: landfills titled “Simplified Seismic Design Procedure for Geosynthetic Lined, Solid-Waste Landfills”.

SANTEK

VAY

WasteServices

The procedure used to calculate the seismic coefficients, k, using the aforementioned procedure is detailed in the

following paragraphs.

The median Maximum Horizontal Ground Acceleration (MHA), Mean Period of Acceleration Time History (7,,), and
Significant Duration of Acceleration-Time History(D,.;) values of the rock ground motion were determined from

entering Figures a, b, and ¢ which are provided below:
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(ﬂ) ‘ S lllll{ — T T T ||Ha ( ) 50
? ==aSey Stike slip E £ LI DL L BRI I
- v, -4 o .
-.‘evem - 1 50F -E
~ i Q F -3
8 Tl E
< 0.1 “ ﬁ E ]
g 3 ~ g a0f 2]
s hE 8 F
E 20F
8k
...... M, =80 £ : ]
901 sl _ao® 00:,1.1[1.|g:'gg:ll.l.i.l.f
! s "0 20 40 60 80 100 0 20 40 80 80 100

Distance (km) Distance (km)

Summary of Dynamic Parameters from Figures a, b, and ¢

M, 6.0 7.0
Distance 16 100
MHA; o 0.1g 0.21g
T 0.45s 0.72s
Dsgs. 7s 21

Distance (km)

The PGA values from the USGS interactive map fall within close proximity to the range of values determined from the
“Simplified Procedure”. Therefore, the seismic coefficients will be selected using the figures presented in the
“Simplified Procedure” since they are sensitive to earthquake magnitudes, time, and duration of motion.

Based upon the calculations outlined in the “Simplified Procedure” the range of seismic coefficients for the liner base
are as follows:

5.0

MHEA s = (0.21)(1.19)(0.72 o 0.54) = (0.18g to 0.13g)
SEISMIC STABILITY ANALYSIS

2014 Landfill Expansion Submittal 9

5.1 Pseudo-Static Analysis with Seismic Loading

Stabl5M was used to perform a number of pseudo static slope stability methods with the site specific seismic
coefficient on the most critical section (section C) of the proposed landfill.

A review of Table 2 reveals that several of the pseudo static methods produced an unacceptable factor of safety
against slope failure. Therefore, several procedures were performed to estimate the magnitude of seismic
induced ground deformations. HE has performed the Newmark Deformation Analysis Procedure “Newmark
Procedure” outlined in the TDSWM Earthquake Evaluation Guidance Document (EEGD), the Franklin & Hynes
deformation analysis, and the Simplified Method developed by Bray, Rathje, Augello and Merry (1998). The

procedures used to estimate seismic induced permanent displacements are summarized in the following
paragraphs.

- (A
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5.2 Seismic Deformation Estimation Procedures
Newmark Procedure
The following steps were performed as per the TDSWM EEGD to estimate permanent displacements.

Step 1. The first step of the analysis was to prepare the model of Section C as previously discussed.

Step 2. Perform pseudo-static slope stability analyses of Section C using different methods to determine the
lowest factor of safety.

Step 3. Calculate the seismic coefficients resulting from the seismic event defined statistically as the event
with a two percent chance of probability of occurrence in 50 years.

Step 4. Perform the pseudo-static analysis on the landfill model with the peak horizontal coefficient of
acceleration to determine the factor of safety. The pseudo static analysis resulted in a factor of
safety of less than one. Therefore, the Newmark deformation analysis was required to determine the
actual impact of the seismic event on the waste fill and liner/leachate collection system.

Step5.  The Newmark deformation analysis was performed as per the TDSWM Earthquake Evaluation
Guidance Policy (EEGP). The Newmark deformation procedure was performed as per the following
basic steps: _
4a. Determine Yield Acceleration. Yield acceleration is determined from substituting different

values for the horizontal acceleration into the pseudo static model until a factor of safety of
one is obtained.

4b,  Calculate the maximum crest acceleration induced in the embankment and the natural period
of the embankment using the Makdisi and Seed approach.

4¢.  Upon determining the maximum value of the crest acceleration proceed with the Newmark
procedure so as to calculate the total deformation predicted for the waste fill and
liner/leachate collection system.

4¢. Compare the permanent seismic deformation determined with the Newmark procedure to the
allowable maximum permanent displacement, u.,, of one half the soil liner thickness as
recommended in the TDSWM EEGD.
Step 4 of the Newmark Procedure requires that the seismic coefficient is entered into the pseudo-static model
to determine if the FS is equal to or greater than 1.0. HE entered the seismic coefficient into the different
pseudo-static slope stability methods provided in STABLSM to determine the factor of safety. With the
exception of the block/wedge analysis and Spencer’s Method, the slope stability methods performed with the
seismic loading were less than one. In cases where the seismic loading results in a factor of safety of less than
one the TDSWM EEGD requires the applicant to then determine the yield acceleration. The yield acceleration
(k) is the seismic coefficient that when entered into a pseudo-static model results in a FS of 1.0. HE has
calculated the yield accelerations and reported them in Table 2.
HE has taken the yield acceleration from each method and performed the Newmark Deformation Analysis
procedure as per the TDSWM EEGD. The results of the Newmark Procedure indicated that the maximum
deformation approximates 0.9 inches using the k; and failure plane depth determined from the Bishop Gircular
e Method. The pseudo static analysis with seismic loading and the Newmark Procedure workshests are
presented in Appendix B of this document.

2014 Landfill Expansion Submittal 10
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Franklin & Hynes Method

An additional procedure for estimation of deformation was also executed. Franklin and Hynes (1984) have
stated that slopes and embankments with a yield acceleration greater than or equal to half the peak ground
acceleration would experience permanent seismic deformations of less than one foot in any earthquake. Figure
5 is a graphical chart prepared by Franklin and Hynes for estimation of deformation due to seismic forces. The
deformation determined from the Franklin and Hynes chart was estimated to approach 5.1 inches. All
deformation estimates are presented in Table 2.

Figure 5 - Franklin & Hynes Displacement Chart
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PERMANENT DISPLACEMENT CHART (FRANKLIN and HYNES, 1984)
Displacement from Janbu Circle Slope Stability Analysis = 16 cm = 6.3 inches
Displacement from Spencer’s and Modified Janbu Random Method of Slope Stability = 12 cm = 4.7 inches
Displacement from Modified Bishop Circle Slope Stability Analysis = 11.0 cm = 4.3 inches
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Simplified Procedure by Bray, Rathje, Augello and Merry (1998)

The Simplified Procedure has provided yet another method to estimate deformations induced by predicted
seismic events. The Simplified Procedure is defailed in the following paragraphs based upon site specific
conditions:

Step 1 - Use the median Maximum Horizontal Ground Acceleration (MHA),Mean Period of Acceleration Time
History (T,), and Significant Duration of Acceleration-Time History (D55 )values of the rock ground motion
determined in Section 5.0 of this document as provided below to determine the dynamic properties:

M, 6.0 7.0
Distance 16 100
MHAR 0.1g 0.21g
T, 0.45s 0.72s
De 7s 27

Bray et al. (1995) found that the MHEA for important base sliding case depends primarily on the dynamic
properties and height of the waste fill (i.e. its fundamental period, T, as described by T, = 4H/V,, where H=
height of waste fill, and V, = average initial shear wave velocity of the waste fill) and the MHA and T, of the
input earthquake rock motion. Based on an
examination of Figure 6 the average velocity (V)

profile of waste would approximate 180 m/s at the 0 1£hear ‘E,V; “"‘°§§{; s [mfo)o 500
waste surface, approximately 250 m/s at a depth of o A LA L
30 m, and approximately 325 m/s at a depth of 60
m. Therefore, a reasonable weighted average for Vg

would approximate 250 m/s.

15 [~ .
L ', Recommended

L + range

30 [

Calculate the fundamental period T,

T. = 4HA, a5
T, = 4x60/250=0.96s, " Average prolile’./
Where H = 60 meters and V, = 250 m/s ] :

Depth {m)

60 -

75 1_li||||I|:11||||

Figure 6 - Shear Wave Profiles for MSW (Kavazanjian et al. 1996)

Summary of Parameters
Fill Thickness (H) Initial Shear Wave Velocity V, = 250 m/s Fundamental Period T
60 m (~200 ft.) 250 m/s (820 ft./sec) 7 0.96s
2014 Landfill Expansion Submiltal 12 -9
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Step 2: Calculate MHEAg s/ [(MHAgcx) (NRF)]
Using the parameters determined in the previous paragraph enter Figure 7 to determine normalized
maximum horizontal equivalent acceleration “MHEAgsse/ [(MHAzocx) (NRF)]™.

2.0 [ '+| I SR | l T | ] T I 1 T T I ) T i

—_ 1.8 - Rock site median -
g e 16th and 84th probability of exceedance lines |
gf 1.4 __3 * MHAgck (g) NARF ]
8 o8 0.1 T
£ 121 02 120 ]
S 1.0 PR B 0.3 109 -
= i c 0.4 1.00 1
gy ]

= 08 05 092 ]
{ & ¥
uj i ). 82
& 04} 0.8 078
0.2 |- e —
O-O 1 1 1 ' | 1 | 1 f 1 | i [ _I"_ff%

0o 10 20 30 40 50 60 70 80

Twasre [ Tneo

Figure 7 - Normalized Maximum Horizontal Equivalent Acceleration (from Bray and Rathje 1998)

Note: Figure 6 represents the normalized horizontal equivalent acceleration for base sliding versus normalized
fundamental period of waste fill

Calculate T,/ T, = 0.96/0.92 = 1.04
Enter Figure 7 with T, / T, at the 16% and 50% probability of exceedence to determine the value of
MHEAg e/ [(MHAzo) (NRF)]

Therefore from Figure 7 MHEAg s/ [(MHAzoe) (NRF)] = 0.7 at the 16" and 0.51 at the 50"

Determine NRF from the value previously determined for MHAzyc« by entering Figure 7. Therefore from
Figure 7 the value for NRF = 1.19

Therefore:

MHEAg e =[(MHAe) (NRF)] = (0.219)(1.19)(0.51 to 0.7) = 0.127g t0 0.175

Step 3 = Estimate the Seismically Induced Permanent Displacements:

ke = MHEA/g = 0.13g to .18g, and; k, from each of the methods can be used to calculate k, / ki,

k, = 0.14g for Bishop Circle Method, so k, / K, = 0.78

k, = 0.13g for Random Method, so k, / Ky, = 0.72

k, = 0.11g for Janbu Circle Method, S0 K, / Ky, = 0.61

k, = 0.13g for Spencer’s Method, o k, / k., = 0.72

Using the values of k., and k; for each of the methods resulting in a FS of less than one with the seismic
loading HE estimated the seismically induced permanent displacements (U) for localized sliding along the

2014 Landfill Expansion Submittal 13
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base of the land(fill for the design earthquake based using Figure 8:

Using the values of k, / k. enter Figure 8 to estimate the permanent displacements (U).

Thus, from Figure 8;

For Bishop Circle Method, enter k, / k,, = 0.78 in Figure 8 yields @ U / (k.0 (Ds.gs) = 3.50 mm/s
So U = (3.5 mm/sec)(0.18)(27sec) = 17 mm = 0.67 inches for the 16% probability fora M,, = 7.
For the Random Method, enter K, / kx = 0.72 in Figure 8 yields a U / (k;,,)(Ds.¢5) = 5.0 mm/s

So U = (5.0 mm/sec)(0.18)(27) = 24.3 mm = 0.95 inches for the 16% probability fora M, = 7
For the Janbu Circle Method, enter k, / k., = 0.67 in Figure 8 yields a U / (K, )(Ds.g5) = 8.5 mm/s
So U = (13 mm/sec)(0.18)(27) = 63.2 mm = 2.5 inches for the 16% probability fora M, = 7
For the Spencer Method, enter k, / k..., = 0.72 in Figure 8 yields a U/ (k) (D5 ¢s) = 5.0 mm/s

So U = (5.0 mm/sec)(0.18)(27) = 24.3 mm = 0.95 inches for the 16% probability fora M, = 7

Figure 8- Normalized Base Liner Sliding Displacements
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Matlock Bend Landfill
Global Slope Stability Analyses

SUMMARY AND CONCLUSIONS
& Cross-Section C was used to depict the most critical waste slope relative to slope stability Factors of

Safety (FS).
4 The final cover slopes for the facility were generally found to approximate 3H:1V.

WasteServices

4 HE used the results of recent laboratory shear strength testing of the geosynthetic interfaces of an
almost identical bottom liner section to perform the stability analysis. However, it is imperative that
interface friction testing be performed prior to construction of the bottom liner.

& Peak shear strength values were used for the wedge/block analysis between the interfaces along the
shallow bottom liner grades and residual shear stress values were used on the interior side slopes.

+ The existing waste which was impacted by the 2009 landslide was assigned residual strength
parameters determined from the forensic investigation (back-calculations) performed by Geosyntec.

& The minimum target FS for static global slope stability of the proposed MBL expansion was 1.5.

« The minimum target FS for dynamic global slope stability of the proposed MBL expansion was 1.0.

& The factors of safely generated exceeded industry accepted values even though soil strength
parameters used in the model were much lower than the estimated shear strength.

& STABL5M slope stability software developed by Purdue University and the interface program referred
to as STEDWin developed by Harold Van Aller were used to calculate the FS using several methods.

& The Janbu Circle Method estimated the global slope stability factor of safety at 1.54 which was the
lowest pseudo-static calculated FS determined from all the methods utilized to estimate global slope
stability of the landfill.

& The only pseudo static slope stability methods employed to determine the factor of safety of the
waste mass that indicated a stable slope under the site specific seismic peak ground acceleration (A
factor of safety of 1.0 denotes imminent failure) was the wedge/block analysis using the Random
Method and Spencer’s Method. The random method for determining the critical failure surface under
seismic loading conditions resulted in a safety of 1.15 while Spencer's Method calculated the
seismic factor of safety at 1.27.

« Three separate seismic deformation analyses were conducted along Cross-Section C to estimate
permanent deformation. The Newmark Method developed by Makdisi and Seed, the Simplified
Method developed by Bray, Rathje, Augello and Merry (1998), and the method presented by Franklin

N and Hynes were both executed to estimate deformation resulting from the regulatory seismic event.

16
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+ The Makdisi and Seed Method was performed as per the TDSWM Earthquake Evaluation Guidance

Policy and resulted in predicted deformation of approximately one inch.

¢ The Franklin and Hynes Method predicted approximately 6.3 inches of deformation using the Janbu
Circle Method.

& The maximum estimated deformation attributed to the required design event based on execution of
the TDSWM recommended procedure was 4.9 inches. Again, a permanent deformation of 6.3 inches
was estimated using the curves illustrated in Figure 5 developed by Franklin and Hynes. Finally, the
“Simplified Method” was used to estimate deformation of the botiom liner. Execution of the
“Simplified Method” resulted in a maximum deformation of 2.5 inches. Again, Table 2 provides a
summary of the calculated deformation. Also, Appendix B, “Displacement Calculations™, provides
the Newmark Method worksheets used for calculating deformation.

In conclusion, it appears that the FS determined from the global slope stability analysis of the most critical
section through the proposed MBL expansion exceeds the minimum target FS of 1.5.

In addition, calculations performed to estimate the amount of deformation predicted from seismic loading
were less than the TDSWM limiting criteria of one-half the thickness of the clay liner component (1 foot
maximum deformation) of the liner system. Specifically, the maximum predicted deformation using several
different methods approximated 6.3 inches using the Franklin & Hynes analysis which is well below the one
foot maximum deformation threshold.

Based on the aforementioned analyses, it is the opinion of HE that the waste facility meets or exceeds the
minimum requirements for adequate global slope stability of the proposed expansion to the Matlock Bend
Landfill.

17
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Geosyntec®

consultants
Pave 7 of 19
Written by: Joseph Sura Date: 5 April 2012 Reviewed by: Ming Zhw/Robert Bachus  Dater 5 Aprit 2012
Client:  LCSWDC  Project:  "ratock B;:‘;L:;;’t';dﬁ” Slope  piect/ Propasal No.  GG4773  TaskNo.: 02

Table 1. Summary of Material Properties Used in Analyses'”,

Material Unit Weight Friction Cohesion

(ped) Angle®) | (psh)

Existing and New Waste 90 33 500

Shde-Aft?ected W??te 90 16 275

(conservative condition)

Fill Buttress 120 35 50
Liner Block Slip 90 20 0
Liner Block Slip 90 calculated®” 0
Subgrade Soils"™ 120 35 50

Notes:
1. Properties based on Geosyntec’s estimate of potential waste strength under sp. ific actual

and assumed calculation conditions.

Vulues of interface shear strength are calculated to obtain a minimum calculated FS of 1.30

{Sequence 3) and FS of 1.50 (Sequence 4).

3. The stip surfaces {circular and liner block slip) occur in the liner or waste materials,
therefore the subgrade soils are not expected to impact the calculated FS values.

!\J
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TRI/ENvIRONMENTAL, INC.

A Texas Research International Company

Interface Friction Test Report

Client: House Engineering TRI Logi#: E2373-94-07 John M. Allen, P.E., 10/28/2013
Project: I Test Method: ASTM D5321 Quality Review/Date
Test Date: 10/24/13-10/28/13

Tested Interface: Lean Brown Clay (LC-1) vs. GSE FS1-200E-08 Single-sided Geocomposite

(131434748)
Shear Stress vs. Normal Stress '
o0 Test Results
Peak Shear Stress (Linear Fify — ======= Lingar (LD. - Dotted)
16000 | Large
14000 & Peak | Displacement
e _ 3.0in.
2 12000 = @ )
E j Friction Angle
g (degrees): 16.5 16.3
‘e 8000
g : Y-intercept or
& 8000 <
7 : & Adhesion (psf): | 1571 1514
4000
2000 |, uun=" S S Shearing occurred at the interface.
0+ t — S e s e |
0 2000 4000 6000 8000 10000 12000 14000 46000 18000
Normal Stress (psf)
Test Conditions
hear St . Displ t
— Sl L Upper Box & Lean Brown Clay (LC-1) remolded to 103
pcf at 20.0% moisture content '
6000 |
- . Lower Box GSE single-sided geocomposite (geonet
7] 5000 + .
2 ’ side down)
#4000 - +4500 psf =9000 psf 218000 psf
§ Box Dimensions: 12"x12"x4"
_;:3 Interface Interface loaded and held for a minimum
0 Conditioning: of 24 hours prior to shear.
3 S . Test Condition: Wet
0% 0 20 e W Shearing Rate: 0.04 inches/minute
Displacement (inches)
reovoata
Specimen No. 1 2 3
Bearing Slide Resistance (Ibs) 51 94 179
Normal Stress (psf) 4500 9000 18000
Corrected Peak Shear Stress (psf) 2187 5309 6540
Corrected Large Displacement Shear Stress (psf) 2049 5309 6379
Peak Secant Angle (degrees) 25.9 30.5 20.0
Large Displacement Secant Angle (degrees) 24.5 30.5 19.5

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.

9063 Bee Caves Road LI Austin, TX 78733-6201 00 (612) 263-2101 I (512) 263-2558 11 1-800-880-TEST



| TRI/ENVIRONMENTAL, INC.

A Texas Research International Company

Client:
Project:

Interface Friction Test Report

House Engineering

Test Date: 10/22/13-10/25/13

TRI Log#: E2373-94-07
Test Method: ASTM D6243

John M. Allen, P.E., 10/28/2013

Quality Review/Date

Tested Interface: BentoLiner NWL GCL vs. Lean Brown Clay (LC-1)

30000

:

:

Shear Stress (psf)

15000 1

10000

Shear Stress vs. Normal Stress

Peak Shear Stress (Unear Fil)

Linear (LD. - Dotizd)

10000 15000 20000

30000

Test Results
Large
Peak | Displacement
(@3.0in.)
Friction Angle
(degrees): 15.0 1.0

Y-intercept or

Adhesion (psf): | 1174 2429

Note: Regression angles include an area
correction. Shearing occurred at the interface.

o 5000
Normal Stress (psf)
Shear Stress vs. Displacement Test Conditions
7000 - = ——
bl <G00l BYEp Ugper Box & BentoLiner NWL GCL (scrim side)
hydrated under 150 psf for 24 hours prior
- to mounting in the shear box
e Lower Box Lean Brown Clay (LC-1) remolded to 103
8 pcf at 20.0%
&
§ Box Dimensions: 12"x12"x4"
=
@ Interface Interface loaded at 2.5 psi‘hr to desired
Conditioning: load and held for a minimum of 16 hours
prior to shear.
40 Test Condition: Wet
Displacement (inches r ; ‘
P ! ! Shearing Rate: 0.04 inches/minute
Test Data

Specimen No. 1 2 3

Bearing Slide Resistance (Ibs) 51 94 179

Area Corrected Normal Stress (psf) 4811 9686 19286

Area Corrected Peak Shear Stress (psf) 2501 3721 6370

Area Corrected Large Displacement Normal Stress (psf) 6000 12034 22065

Area Corrected Large Displacement Shear Stress (psf) 2843 2157 3012

Peak Secant Angle (degrees) 27.5 21.0 18.3

Large Displacement Secant Angle (degrees) 25.4 10.2 7.8

The tesling herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.

TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.

9063 Bee Caves Road Ui Austin, TX 78733-6201 U (512) 263-2101 1 (512) 263-2558 O 1-800-880-TEST




TRI/ENVIRONMENTAL, INC.

A Texas Research International Company

Client:
Project:

Interface Friction Test Report

House Engineering TRI Log#: E23

Test Method: ASTM D6243

Test Date: 10/15/13-10/18/13

73-94-07 John M. Allen, P.E., 10/18/2013

Quality Review/Date

Tested Interface: BentoLiner NWL GCL vs. GSE 60 mil HDPE Textured Geomembrane

Shear Stress vs. Normal Stress
o _ _ Test Results
Peak Shear Stress {LinearFit) = ======= Linear {LD. - Dotted)
Large
5000 | Peak | Displacement
E (@ 3.0in.)
iy Friction Angle
§ 10000 + (degrees): 13.3 5.5
(/7] H
3 Y-intercept or
7 Adhesion (psf): 1197 703
Shearing occurred at the interface under the 4500
— : — | and 9000 psf. The GCL sheared interally under
° o000 Normal Sgress (psf) 1o 2% | the 18000 psf. '
Shear Stress vs. Displacement Test Conditions
6000 T
: +4500 psf ~9000psf  A18000 psf Upper Box & BentoLiner NWL GCL hydrated under
. 150 psf for 24 hours prior to mounting in
& r the shear hox
-1 i Lower Box GSE 60 mil HDPE textured
a ! geomembrane
& T
E } Box Dimensions: 12"x12"x4"
g i
“ k Interface Interface loaded at 2.5 psi/hr to desired
I Conditioning: load and held for a minimum of 16 hours
; prior to shear.
" e 20 % A5 Test Condition: Wet
Displ t(inch
R plaTRIRHC Shearing Rate: 0.04 inches/minute
Test Data
Specimen No. 1 2 3
Bearing Slide Resistance (lbs) 51 94 179
Normal Stress (psf) 4500 9000 18000
Corrected Peak Shear Stress (psf) 1942 3810 5299
Corrected Large Displacement Shear Stress (psf) 1038 1712 2382
Peak Secant Angle (degrees) 23.3 22.9 16.4
Large Displacement Secant Angle (degrees) 13.0 10.8 7.5
Asperily (mils) 17.8 19.0 14.0

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.
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TABLE 2: SUMMARY OF LABORATORY TEST RESULTS FOR SANTEK ENVIRONMENTAL MATLOCK BEND LANDFILL EXPANSION

IN- IN-
=
Q8 PLACE | PLACE REMOLDED | UNDISTURBED
0 UNIFIED OPTIMUM | yniT | UNIT NATURAL HYDRAULIC | HYDRAULIC
= boring SOIL Pocket MAX DRY | MOISTURE | WEIGHT | WEIGHT | % FINER | % FINER MOISTURE | LIQUID | PLASTIC | PLASTICITY | CONDUCTIVITY | CONDUCTIVITY
> w BORING | elevation | SAMPLE | SAMPLE | CLASS | Penetrometer | DENSITY | CONTENT | pRy | WET | NO.4 | NO.200 | %FINER | CONTENT | LIMIT | LIMIT INDEX ASTM D5084 | ASTM D5084
2 NUMBER (ftmsl) |DEPTH (FT)| TYPE | (USCS) (tsf) (PCF) ® % (PCF) | (PCF) | SIEVE | SIEVE | .002MM (%) L.L. P.L. P.L (CMISEC) (CM/SEC) COMMENTS
B-58 876.6 35 ST cL 102 1026 | 802 57 33.4 24 43 22 21 5T LR el L L
B-58 876.6 28-29.5 ss cL 15 99.9 80.3 59.9 36 52 28 24
B-58 876.6 |COMPOSITE| BAG CL-CH 99.0 235 50 28 22 49X 10° ;ﬁg‘;ﬁe" fo:86% af sfandard
B-59 929.12 27-29 SS Bl 35 95.7 75.2 493 28 54 28 26
B-59 929.12 | COMPOSITE | Bag CL 107.5 16.8 41 21 20 25x10° ;ﬁg‘;‘(‘jﬁd 0 95% of standard
B-61 960.99 32-34 ST CcL 88.9 85.3 30 57 31 26 1.4x 107 Ezg‘age”°“6d BECASTM
B-62 926.67 18-19.5 SS cL 45 92.2 68.6 486 22 56 30 26
-3 B-62 926.67 28-29.5 SS cL 63.1 20.3 9.9 13 48 26 22
(=}
(3]
= B-63 935.27 18-19.5 SS cL 4 75.5 53.1 325 23 48 26 )
D 0y
o B-64 94456 |COMPOSITE| Bag cL 106.2 17.8 42 22 20 235 10° o 95% of standard
Q
) B-64 94456 | 34.5-36 ST &l 1007 | 101.2 26 55 29 26 g4 x 10 [T perarmed per ASTI
B-65 943.61 13-14.5 SS OH 45 31 51 30 21
B-65 943.61 38-39.5 SS cL 35 34 52 28 24
B-66 919.14 26-32 BAG Gl 109.0 17.4 40 21 19 8.6 x10° ;‘jg‘c‘;'odf“ to 98% of standard
B-67 912.31 17-19 ST CH 87.2 85.5 97.3 69.3 56.5 32 63 33 30 13%x107° Eg%tsﬁeffwmed per ASTM
B-68 904.42 14-15.7 ST OH 95.5 94.3 27 51 31 20 10x 107 ngteierformed per ASTM
B-68 904.42 29-30.5 ss cL 1 2 30 42 20 22
B-68 02498 |comPosTE| BAG | CL-CH 101.1 2138 50 26 24 6.2 x10° o kil
8 SB-47 903.4 6-8 BAG &L 114.8 14.1 82.5 40 NA 15.2 24.4 145 9.9 1.7x10° ;?g”;ged /95%af slapdard
= -8 Test performed per EPA
g SB-47 903.4 10-12 ST cL 90 85 NA 30.1 51.8 26.3 25.5 3.9x10 Nt o100
=) _8 Test performed per EPA
% 'E PZ-51 925.7 34-36 ST CcL 84 70 55.3 315 23.8 56x10 e amD
@ 7 remolded to 95% of standard
EW SB-52 928.8 20-22 BAG cL 104.3 19.4 92.5 62 NA 28.4 434 233 20.1 2.3x10 2 g
[ =
w -6 Test performed per EPA
- SB-53 957.2 26-28 ST ML 87 76 NA 40.4 26.8 13.6 1.3x10 i
2 P Test performed per EPA
= SB-55 924.9 7-9 ST cL 22x10°  |uemeasion
= EPA 9100 remolded @ 95.4%
e B-34 978.2 0.5-50 BAG CL 98.7 225 90.4 65.2 321 45 24 21 205x 107 std proctor density & 2% wet
= ¢ of opt. @
0n o
@D
e 7 EPA 9100 remolded to 100%
z B-34 978.2 0.5-50 BAG cL 98.7 225 90.4 65.2 32.1 45 24 21 4.99 x 10°® e
; .
NOTES ST - SHELBY TUBE SS - SPLIT SPOON BAG- BULK SOIL SAMPLE N/A - NOT AVAILABLE SS - SPLIT SPOON SAMPLE NP - NOT PLASTIC
Santek Environmental, Inc. Class | Landfill
Hydrogeologic Investigation Report
Northern Expansion
080-624 June 2008
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*% PCSTABLSM **
by
Purdue University
--Slope Stability Analysis-—-
Simplified Janbu, Simplified Bishop
or Spencer’'s Method of Slices

Run Date; 2/13/2014

Time of Run: G9:56AM

Run By: Jo K House

Input Data Filename: F:MATLCOCK BEND LANDFILL blockwedge.dat
Cutput Filename: F:MATLOCK BEND LANDFILL blockwedge.OUT
Unit: ENGLISH

Plotted Output Filename: F:MATLCCK BEND LANDFILL blockwedge.PLT
PROBLEM DESCRIPTION MATLOCK BEND LANDFILL EXPANSION

Block Wedge

BOUNDARY COORDINATES
16 Top Boundaries
2% Total Boundaries

Boundary X-Left Y-Left X-Right Y~Right Soil Type
No. (ft) (£t} (£t) {ft) Below Bnd
1 0.00 895.00 30.00 880.00 1
2 30.00 880.00 50.00 880.00 1
3 50.00 880.00 895.00 861.00 1
4 95.00 861,00 220.00 861.00 1
5 220.00 861.00 2385.00 900.00 1
6 295.00 900.00 315.00 900.00 2
7 315.00 900.00 324.00 897.00 2
8 324.00 - B897.00 332.00 90G.00 2
9 332.00 900.00 497.00 952.00 3
10 497.00 952,00 507.00 951.00 3
11 507.00 951.00 660.00 1001.00 3
12 660.00 1001.00 670.0C0 1000.00 3
13 670.00 1000.00 832.00 1052.00 3
14 832.00 1052.00 §42.00 1051.00 3
15 842.00 1051.00 1048.00 1120.00 3
16 1048.00 1120.00 1084.00 1120.00 3
17 332,00 900.00 441.00 861.00 5
18 441,00 861.00 464.00 861,00 6
19 464,00 861.00 630.00 916.00 5
20 630.00 916.00 646.00 916.00 6
21 646.00 8916.00 700.00 901.00 5
22 700.00 901.00 1094.00 8966.00 4
23 700.00 901.00 1094.00 921.00 1
24 332.00 899.00 441.00 860.90 1
25 441,00 860.90 464.00 860. 90 1
26 464.00 860.90 630.00 915.90 1
27 630.00 915,90 646,00 915.90 1
28 646,00 915.90 700.00 899.90 1
29 700.00 899.90 1094.00 919.90 1

ISOTROPIC SOIL PARAMETERS

6 Type{s) of Soil
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) {pcf) (psf}) (deq) Param. {psf) No.
1 121.0 127.0 0.0 18.0 0.00 0.0 1
2 124.0 127.0 0.0 28.0 0.00 0.0 1
3 70,0 90.0 0.0 33.0 G.0c0 0.0 1
4 79.0 90.0 0.0 20.0 0.00 0.0 i
5 62.0 62,0 700. 5.5 0.00 0.0 1
[ 62.0 62.0 1i97.0 13.3 0.00 0.0 1

1 PIEZOMETRIC SURFACE{S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62,40

Piezometric Surface No. 1 Specified by 3 Coordinate Points
Point X-Water Y-Water
No. (£t) (ft)
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1 0.00 820.00
2 450.00 856.00
3 1094.00 878.00

Searching Routine Will Be Limited Tc An Area Defined By 6 Boundaries
Of Which The First 6 Boundaries Will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right Y-Right
No. (ft) (ft) (ft) (£t}
1 332.00 900.00 441.00 858.00
2 4431.00 858.00 464.00 858.00
3 464.00 858.00 630.00 813.00
4 630.00 913.00 646,00 913.00
5 646.00 913,00 700.00 897.00
6 700.00 897.00 1094.00 914.00

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating S8liding Block Surfaces, Has Been
Specified.

10 Trial Surfaces Have Been Generated.
7 Boxes Specified For Generation Of Central Block Base
Length Of Line Segments Por Active And Passive Portions Of
Sliding Block Is 50.0

Box X-Left Y-TLeft X-Right Y-Right Height

No. (ft) (ft) (£t} {ft) (ft)
1 332.00 900.00 332.00 900.00 0.00
2 441,00 860.90 441.00 860,90 4,00
3 464,00 860. %0 464.00 860.90 4,00
4 630.00 915. %0 630.00 915.%0 4.00
5 646.00 915.90 646,00 915.80 4.00
6 T00.00 500.90 700.00 900.90 4,00
7 10060.00 916.00 1000.00 916.00 4,00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined., They Are Ordered - Most Critical
First.
* % Safety Factors Are Calculated By The Modified Janbu Method * *
Failure Surface Specified By 12 Coordinate Points

Point X-8urf Y-Surf
No. (fT) (£1)
1 332.00 %00.00
2 441.00 859.83
3 464.00 B61,40
4 630.00 915.33
5 646.00 914.99
6 700.00 902.76
7 1000.00 917.11
8 1021.77 962.13
9 1035.26 1010.27
10 1067.58 1048.43
11 1075.36 1097.82
12 1086.66 1120.00
*** MINIMUM BLOCK FACTOR OF SAFETY 2.055 ***
Individual data on the 27 slices
Water Water Tie Tie Earthquake
Force Force Force Force Foxce Surcharge
Slice Width  Weight Top Bot Nerm Tan Hor Ver Load
No. (£t} {1bs) {1lbs) {1bs) {lbs) {1bs) (lbs) {lbs) (1bs)
1 52.6 66195.0 0.0 0.0 0.0 G.0 0.0 0.0 0.0
2 56.4 219376.2 0.0 0.0 .0 G.C 0.0 0.0 0.0
3 15.7 84444.7 0.0 0.0 G.0 C.C 0.0 0.0 0.0
4 1.5 8064.2 0.0 0.0 0.0 .0 0.0 0.0 0.0
5 5.8 32459.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 33.0 184896.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 10.0 54430.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 18.6 98436.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 15.5 8199%1L.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10 88.9 473019.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 16.0 88686.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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12 13,1 78052.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 0.9 5829.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 5.7 35874.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 4.3 26989.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
186 30.0 207183.6 0.0 0.0 0.0 0.0 c.0 0.0 0.0
17 15.0 114519.5 0.0 0.0 0.0 0.0 ¢.0 0.0 0.0
i8 117.0 #**xkk*x 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19 10.0 100815.3 0.0 0.0 0.¢ 0.0 0.0 0.0 0.0
20 158,00 w#*xFkxdx 0.0 0.0 0.0 0.0 0.0 0.0 0.0
21 17.5 213369.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22 4,2 45200.2 0.0 0.0 0.0 0.0 0.¢ 0.0 0.0
23 13.5 120193.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 12.7 89239.8 0.0 0.0 6.0 0.0 0.0 0.0 0.0
25 19.6 113919.2 0.0 0.0 Gc.0 0.0 0.0 0.0 0.0
26 7.8 25546.2 0.0 0.0 6.0 0.0 0.0 0.0 0.0
27 11.3 8775.0 0. 0.0 0.0 0.0 0.0 0.0 0.0
: Failure Surface Specified By 12 Coordinate Points
Point X-Surf Y-Surf
No. (£t) (£t
1 332.00 " 900.00
2 441.00 859.23
3 464.00 862.28
4 630.00 914,07
5 646.00 014.96
6 700.00 902.34
7 1¢00.00 917.68
8 1025.65 960.60
9 1102%.01 1010.49
10 1064.20 104¢.01
11 1088.27 1089.83
12 1091.28 1120.00
ok k 2.188 Kk k
Failure Surface Specified By 12 Coordinate Points
Point Z-8urf Y-Surf
No. (ft) (ft)
1 332.00 $00.00
2 441.00 862.04
3 464.00 860.16
4 630.00 917.33
5 646.00 914.42
6 700,00 901.31
7 1000.00 915.97
8 1009.71 965.02
9 1044.74 1000.70
10 1059.52 1048.46
11 1069.84 1097.39
12 1087.62 1120.00
&k k 2_212 * %%
. Failure Surface Specified By 12 Coordinate Points
Point X-Surf Y-Surf
No. (£t) {ft)
1 332.00 900.00
2 441,00 862.35
3 464.00 862,88
4 630.00 916.71
5 646.00 914.71
6 700.00 900.75
7 1000.00 914.82
8 1017.41 9461.69
9 1025.18 1011.08
10 1044.37 1057.25
11 1060.99 1104.41
12 1075.32 1120.00
* kK 2.249 * %%

Failure Surface Specified By 12 Coordinate Points
Point X-Surf Y-Surf
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(£t}

No. (ft)
1 332.00 900,00
2 441.00 862.61
3 464.00 859.52
4 630.00 916.54
5 646.00 917.05
6 700.00 901.41
7 1000.00 914.11
8 1029.66 954,36
9 1035.74 1003.99%
10 1042. 64 1053.51
11 1071.84 1094.10
12 1077.84 1120.00
* k& 2‘296 * Kok
Failure Surface Specified By 12
Point ¥-Surf Y-Surf
No. {fL) (ft)
1 332.00 900.00
2 441.00 859.09
3 464.00 859.990
4 630.00 915.26
5 646.C0 914,04
& 700.0C0 902.11
ki 1000.00 917.46
8 1003.76 967.32
9 1032.75 1008.06
10 1034.78 1058.01
11 1066.17 1096.93
12 1087.89 1120.00
* ok k 2.444 kK
Failure Surface Specified By 12
Point X-Surf Y-Surf
No. (£t) (ft)
1 332,00 900.00
2 441.00 861,98
3 464.00 862.85
4 630.00 916.595
5 646,00 %16.66
6 700,00 899.35
7 1000.00 914.50
8 1007.50 963.94
9 1016.19 1013.18
10 1037.43 1058.44
11 1071.79 1094.76
12 1078.57 1120.00
*k Kk 2.490 *kk
Failure Surface Specified By 12
Point X-Surf Y-Surf
No. (ft) (£t)
1 332,00 200.00
2 441.00 862.07
3 464,00 861.83
4 630.00 817,44
5 646.00 914.29
o 700,00 802.75
7 1000.00 917.29
8 1035.24 952.77
9 1040.82 1002, 486
10 1043.50 1052.38
11 1057.66 1100.34
12 1077.31 1120.00
* Kk 2.605 * %k
Failure Surface Specified By 12
Point X-Surf Y-surf
No. (ft) {ft)
1 332.00 200.00

Coordinate Points

Coordinate Points

Coordinate Points . .-

Coordinate Points -

blockwedge.out

Page 4



Stree o EAOVSOLID WASTE-2008\1 SOLIDWASTEVACTIVEPROJECT SMATLOCK BEND LANDPIGEAFINAL SUBMITTALAGlobal Stability . .
~ -ReporfAppendix B Stability and Deformation Resuits\STABL OUTPUT\BLOCK=WEDGE ANALYSIS SECT C\MATLOCK BEND LANDFILL - -
: R blockwedge.out  Page 5
441.00 861.72

2
3 464.00 860.00
4 630.00 917.490
5 646.00 917.28
6 700.00 900,02
7 1000.00 %14.10
8 1001.28 964,08
9 1033.90 1001.97
10 1036.12 1051.92
11 1058.76 1096.50
12 1082.26 1120.00
ok 2.993 * kK
Failure Surface Specified By 12 Coordinate Points
Point X-8urf Y-Surf
No. (£t) (£t)
1 33z.00 900.00
2 441,00 862.52
3 464.00 861.02
4 630.00 917.56
5 646.00 917.03
) 700.00 901.29
7 1000,00 916.33
8 1001.62 966.30
] 10062.76 1016.2%
10 1015.33 1064.68
11 1028.86 1112.82
iz 1029.93 1113.95

* ko 3‘888 *k *



MATLOCK BEND LANDFILL EXPANSION Block Wedge

stelactive projects\matlock bend landfillfinal submitaNglobal stabilty reporfiappendix b stability and deformation results\stabl output\block-wedge analysis sect c\matlock bend landfil blockwedge.pl2 Run By:J

: = ; T T T T T
Soil Soil Total Saturated Cohesion Friction Piez.

Desc. Type UnitWt. UnitWi. Intercept Angle Surface
Mo. (pcf)  (pcf) (psf) (deg) No.
121.0 127.0 0.0 19.0 W1 a
1240 127.0 0.0 28.0 Wi ” i
70.0 90.0 0.0 320 w1 )
79.0 20.0 0.0 200 VW1
62.0 62.0 700.0 55 W1
62.0 62.0 11970 133 W1

M bW N
D e R =

1 1 | 1 1 1 1 |

1

200 400 600 800 1000 1200 1400 1600

PCSTABL5M/si FSmin=2.06
Safety Factors Are Calculated By The Modified Janbu Method

1800
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% PCSTABLSM *¥
by
Purdue University
~—S8lope Stability Bnalysis—-—
Simplified Janbu, Simplified Bishop
or Spencer's Method of Slices

Run Date: 2/13/2014

Time of Run: 01:29PH

Run By: Jo K House

Input Data Filename: F:MATLOCK BEND LANDFILL blockwedgewseismic.dat
Qutput Filename: F:MATLOCK BEND LANDFILL blockwedgewseismic,OUT
Unit: ENGLISH

Plotted Output Filename: F:MATLOCK BEND LANDFILL blockwedgewseismic, PLT
PROBLEM DESCRIPTION MATLOCK BEND LANDFILL EXPANSION
Block Wedge
BOUNDARY COCRDINATES
i6 Top Boundaries
2% Total Boundaries

Boundary X-Left Y-Left X-Right ¥-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd
1 0.00 895.00 30.00 880.00 1
2 30.00 880.00 50.00 880.00 1
3 50.00 880.00 85.00 861.00 1
4 95.00 861.00 220,00 861.00 1
5 220.00 861.00 295,00 900.00 1
6 295.00 900.00 315.00 200.00 2
7 315.00 900.00 324.00 897.00 2
8 324.00 897.00 332.00 200.00 2
9 332.00 900.00 497.00 952.00 3
10 497.00 952,00 507.00 651.00 3
11 507.00 951.00 660.00 1001.00 3
12 660.00 1001.00 670.00 1000.00 3
13 670.00 1000.00 832.00 1052.00 3
14 832,00 1052.00 842.00 1051.00 3
15 842,00 1051.00 1048.00 11206.00 3
16 1048.00 1120.00 1094.00 1120.00 3
11 332.00 9¢0.00 441.00 861.00 5
18 441,00 861.00 464.00 861.00 6
19 464.00 861,00 630.00 916.00 5
20 630.00 916.00 646.00 916.00 6
21 646.00 916.00 700.00 901.00 5
22 700.00 901.00 1054.00 966.00 4
23 700.00 301.00 1094.00 921.00 1
24 332.00 899.00 441.00 860.90 1
25 441.00 860,90 464.00 860.90 1
26 464.00 860.90 630.00 915.80 1
27 £30.00 915.90Q £46.00 915.90 1
28 646.00 915.9¢ 700.00 899.90 1
29 700,00 899.90 1094.00 $19.90 1

ISOTROPIC SOIL PARAMETERS

6 Type(s) of Soil
Soil Total Saturated Cchesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wi, Intercept Angle Pressure Constant Surface

Ne. {pcf) (pef) {pst) (deqg) Param. {psf) No.
1 121.0 127.0 0.0 19.0 0.00 0.0 1
2 124.0 127.0 0.0 28.0 0.00 0.0 1
3 70.0 80.¢ 0.0 33.0 0.00 0.0 1
4 79.0 90.0 0.0 20.0 0.00 0.0 1
5 62.0 62.0 700. 5.5 0.00 0.0 1
& 62.0 62.0 11987.0 13.3 0.00 0.0 1
1 PIEZOMETRIC SURFACE({S) HAVE BEEN SPECIFIED
Unit Weight of Water = 62.40
Piezometric Surface No. 1 Specified by 3 Coordinate Points
Point X-VWater Y-Water
No. (ft) (ft)
1 0.00 820.00
2 450.00 850.00
3 1094.00 §76.00

Searching Routine Will Be Limited To An Area Defined By 6 Boundaries
Of Which The First 6 Boundaries Will Deflect Surfaces Upward



Boundary

No.

o O W R

X-Left
{fr)
332.00
441.00
464,00
630.00
646.00
700.00

Y-Left
(ft)
900.00
858.00
858.00
913.00

913.00

897.00

F:MATLOCK BREND LANDFILL blockwedgewseismic.OUT

X-Right
(ft)
441,00
464.00
630.00
646.00
700.00
1094.00

A Horizontal Earthquake Loading Coefficient
0f0.180 Has Been Assigned
A Vertical Earthguake Loading Coefficient
0Ff0.000 Has Been Assigned
Cavitation Pressure

A Critical Failure Surface Searching Method,

= 0.0 (ps£fh

Y-Right

(ft

858.
858.
913.
913.
897.
914.

)

Technique Por Generating Sliding Block Surfaces, Has Been
Specified.

10 Trial Surfaces Have Been Generated,
7 Boxes Specified For Generation Of Central Block Base
Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 5

Box
No.
1

~ o Ol W N

X-Left
(ft)
332.00
441,060
464.00
630.00
646.00
. 700.00
1000.00

0.0
Y-Teft
(£)
900.00
860.90
860.90
915.90
915,90
900.90
916.00

X-Right
(£t}
332.00
441,00
464.00
630.00
646.00
700.00
1000, 00

Y-Right
(£t)

900.
B60.
860.
915.
915.
900.
916,

00
10
90
80
90
80
co

Using A Random

4,00

Following Are Displayed The Ten Most Critical Of The Trial

Failure Surfaces Examined.

First.
* % Safety Factors Are Calculated By The Modified Janbu Method * *
Failure Surface Specified By 12 Coordinate Points

P

Slice Width

No.

{ft
52.
56.
15.

CW~NNWHFOoODYLHOOOOO & g~

oint X-Surf Y-Surf
No. {ft) {ft)
1 332,00 200.00
2 441.00 859.83
3 464.00 861,40
4 630.00 915.33
5 646.00 914.99
3 700,00 902.76
7 1000.60 917.11
8 1021.77 462,13
9 1035.26 1010.27
10 1067.58 1648.43
11 1075.36 1097.82
12 10B6.66 1120.00
* &k 1‘149 * kK
Individual data on the 27 slices
Water Water Tie Tie
Force Force Force Force
Weight Top Bot Norm Tan
{lbs) {1lbs) {1bs) (lb=s) {los)
66195.0 0.0 0.0 0.0 0.
219376.2 0.0 0.0 0.0 0.
B4444.7 0.0 0.0 0.0 0.
8064.2 0.0 0.0 0.0 0.
32459.5 0.0 0.0 0.0 0.
184896.7 0.0 0.0 0.0 0.
54430.1 0.0 0.0 0.0 0.
98436.9 0.0 0.0 0.0 0.
81991.5 0.0 0.0 0.0 0.
473019.4 0.0 0.0 0.0 0.
88686.2 0.0 0.0 0.0 0.
78052.4 0.0 0.0 0.0 0.
5829.8 0.0 0.0 0.0 0.
35874.3 0.0 0.0 0.0 0.
26989.5 0.0 0.0 0.0 0.
207183.6 0.0 0.0 0.0 0.

[=NeloleoReleReRoleNoRoleRollelo ]

They Are Ordered - Most Critical

Earthquake

Hor
{1bs

11915,
39487,
15200.
1451.
584z,
33281.
2797,
17718.
14758,
85143,
15963,
14049,
1049,
6457,
4858.
37293,

Force

)

Hab bR d0 O -3

Ver
{(ibs)

[ e I oo W o I oo B B o B o I - B o T o B B e i B e )

fs B o I o s Y eos T s an Y o B o Y - ctn B o e Y s Y s Y o

Surcharge

Load
{lbs)

OCOoOCOOOOoO OO OOOOoOC OO
COC OO CCOOOCOOODOoOOC OO
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F:MATLOCK BEND LANDFILL blockwedgewseismic.OUT

20613.5

*xkFkhkkdkk

18146.8
Fok e kk ko
38406.
8136,
21634,
16063.
20505.
4598.
1578.

o OO0 00o0oCO
OOoOCOoOOoOoDoOoO0

OO COOoOOOoOO0O
COoOOoOoCOOO0OOOoO0o
CwohJdoa

o
o

Coordinate Peints

Coordinate Points

Coordinate Points

15.0 114519.5 0.0 0.0
LL7,0Q AkEEEkEE 0.0 0.0
10.0 100815.3 0.0 0.0
158.0 ***F*ksx 0.0 0.0
17.5 213369.1 0.0 0.0
4.2 45200.2 0.0 0.0
13.5 120193.0 0.0 0.0
12.7 89239.8 0.0 0.0
19.6 113919.2 0.0 0.0
7.8 25546.2 0.0 0.0
11.3 8775.0 0.0 0.0
Failure Surface Specified By 12 Coordinate Points
Point X-8urf Y-surf
No. {ft) (£t)
1 332.00 900.00
2 441.00 859.23
3 464.00 862.28
4 630.00 814.07
5 646.00 914.96
6 T00.00 802.34
7 10G0,00 917.4a8
8 1025.65 $60.60
2 i029.01 1010.49
10 1064.20 1046.01
11 1088.27 13892.83
12 1091.28 1120.00
* &k 1_175 * * %k
Failure Surface Specified By 12
Point X-Surf Y-Surf
No. (ft) (ft)
1. 332.060 900.00
2 441,00 862.04
3 464.00 860.16
4 630.00 917.33
5 646.00 914.42
& 700.00 901.31
7 1000.00 915.97
8 1009.71 965.02
9 1044.74 1G00.70
10 1059.52 1548.486
11 1069.84 1497.39
12 1087.62 1120.00
. * kK 1.228 * &k
Failure Surface Specified By 12
Point X-8urf ¥-Surf
No. (£t) (£t)
1 332,00 900.00
2 441.00 8592.09
3 464.00 859.920
4 630.00 915.26
5 646.00 914.04
& 700.00 50z2.11
7 1000.00 917.46
8 1003.7¢6 967.32
9 1032.75 16008.086
10 1034.78 1058.01
i1 1066.17 1096.93
12 1087.89 1120.00
* k& 1_230 * %%
Failure Surface Specified By 12
Point X~-Surf Y-Surf
No. (ft) (£t
1 332.0Q0 200,00
2 441.00 862.35
3 464,00 862.88
4 630.00 916.71
5 646.00 914.71
6 700.00 200.75
7 1000,00 914.82
8 1017,41 961.69

OO0 OoOOOCOO0O

[ i o clie Y i e e i o Y e i O i Y e

COOO0OOoOOo OO O0O
OO0 COOO o0
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MATLOCK BEND LANDFILL EXPANSION Block Wedge

ictive projectsimatiock bend landfilMinal submittahglobal stability repori\appendix b stability and deformation resultsistabl outputiblock-wedge analysis sect c\matlock bend landfil blockwedgewseismic.p2 Run
T ¥ T T T T T

Soil w% Total me_,mwmn. Cohesion Friction _u,mn. Load Qm_um
Desc. Type Unit'Wt. Unit Wt Intercept Angle Surface|| HorizEgk 0.180 g<
No. (pcf) {pcf) (psf) (deg) No.

4 1 1210 127.0 0.0 19.0 W1 a
2 2 1240 1270 0.0 28.0 W1 i
3 3 700 °0.0 0.0 3.0 W1

3 4 79.0 50.0 0.0 20.0 W1

S 5 820 62.0 700.0 55 w1

6 6 620 62.0 13.3 W1

I 1 1 1 I 1 ] I I

200 400 600 800 1000 1200 1400 1600 1800

PCSTABL5M/si FSmin=1.15
Safety Factors Are Calculated By The Modified Janbu Method




or Spencer’'s Method of Slices

Run Date:

Time of Run:

Run By:

Input Data Filename
Qutput Filename:
Unit:

Plotted Output Filename:

PROBLEM DESCRIPTION

*¥% PCSTABLSM *#*

by

Purdue University
——Slope Stability Analysis—-
Simplified Janbu, Simplified Bishop

2/13/2014

01:34PH

Jo K House
F:Spencer Block.dat
F:S8pencer Block.OUT

ENGLISH
F:Spencer Block.PLT -
MATLOCK BEND LANDFILI. EXPANSIONT_

Spencer Block

BOUNDARY COORDINATES
16 Top Boundaries
29 Total Boundaries
Boundaxy X-Left Y-Teft
No. (£t} {ft)
1 0.00 895.00
2 30.00 880.00
3 50.00 880.00
4 95.00 861.00
5 220.00 861.00
6 295.400 %00.00
7 315.00 900.00
B 324,00 897.00
9 332.00 200.00
10 497.00 952.00
11 507.00 951.00
12 660.00 1001.00
13 670.00 1000.00
14 832.00 1052.00
15 842.00 1051.00
16 1048.00 1120.00
17 332.00 900.00
18 441,00 861.00
19 464.00 861.00
20 630.00 916.00
21 644.00 916.00
22 700.00 901,00
23 700.00 901.00
24 332.00 899,00
25 441.00 860.20
26 464,00 660.20
27 630.00 915.20
28 646.00 915.90
29 700.00 899.20

ISOTROPIC SOIL PARAMETERS

6 Type(s) of Soil

S0il Total Saturated Cohesicn Friction Pore - Pressure’ Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf} (pct) {psf) {deg) Param, (psf)- " HNo..
1 121.0 127.0 0.0 19.0 0.00 G.0 - 1.

2 124.90 127.0 0.0 28.0 0,00 ¢.0 - 1
3 “70.90 90.0 0.0 33.0 0.00 0:0 - 1
4 79,0 90.0 0.0 20.0 0.00 - 0.0 1:

5 62.0 62.0 700.0 5.5 0.00.- 0.0 1w
& 62.0 62.0 1197.0 13.3 0.0G. .- 0.0 1.

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPRCIFIED
Unit Weight of Water = 62.40 :
Piezometric Surface No. 1 Specified by 3 Cocrdinate Points
Point X-Water Y-Water : T
No, (ft) (ft)
1 0.00 820.00
2 450.00 850.00
3 1094.00 878.00

Searching Routine Will Be Limited To An Area Defined By 6 Boundaries

Of Which The First

¥-Right
(£t)
30.00
50.00
95.00
220,00
295,
315.
324.
332.
497,
507.
660.
670.
832.

842
1048
1094

441.
464,
630.
646.
700.

1094
ioe4
441
464
630
646
700
1094

.

00
00
00
00
00
00
00
00

00
00
00
00
00

Y-Right

{ft)

880, C0
880.00

F:Spencer Block.QUT

© Soil Type. :
. Below Bnd

861.00

861.00

900.00~

200.00
897.00

200.00 .

952.00°

851.00
1001.00

1000.00"
1052.00-

1051.00
1120.00

1120.00-

861:00
861.00
916.00
916.00
901.00
966,00
$21:00
860.90
860.90
815.90
915.90
899.90
919.90

O R O O O U1 W0 A W D ) ) L) 0 B R D e et b e b

& Boundaries Will Deflect Surfaces Upward

Page 1



Boundary ¥-Left Y-Left
No. (L) (ft)
1 332.00 900.00
2 441,00 858.00
3 464.00 858.00
4 630¢.00 913.00
5 646.00 913,00
6 700.00 897,00
Trial Failure Surface Specified By 12 Coordinate Points
Point X-surf Y-3uxf
No. (ft} {£ft)
1 332.00 200.00
2 441,00 859,83
3 464,00 861.40
4 £30.00 915.33
5 646.00 214.99
[ 700.00 902.76
7 1000.00 917.11
8 1021.77 962.13
9 1035.26 1010.27
10 1067.58 1048.43
11 1075.36 1097.82
12 1086.66 1120.900
Spencer’ s FOS FOS
Theta {Moment) {Force)
{deq) (Equil.) (Bguil.)
5,00 2.651 2.220
7.50 2.643 2.306
19.45 - 2,371 2,113
14.77 2.535 2.57¢6
12.50 2.584 2.488
13.87 2.557 Z2.541
14.23 2.548 2.555
14.13 2.551 2.551

Factor 0f Safety For The

Spencer's Theta =

Factor Of Safety Is Calculated By Spencer s Method of Slices

Slice
No.

14.13

X-Right
(ft)
441.00
464.00
630.00
&46.00
700.00
1094.00

**% T,ine of Thrust ***

X

Coord.

384.
441,
456.
458,
464.
497.
507.
5286.
541.
630.
646,
659.
660.
665.
670.
700,

715

832.

842.
1000.
1017.
1021.
1035.
1048.
1067.
1075.
1086.

Y

Coord.
896.92
886.35
889.45
889.69
890.23
900.31
903.36
909.16
916.07
966.95
962 .27
952.26
951.84
949,62
246,48
034.41
635,44
953.75
955.18
976.16
1008.55
1015.33
1043.47
1053.59
1078.55
1108.37
1554.65

0.
0.
0.
G.
0.
0.
0.
0.
0.
G.
Q.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

L/H
ah4
356
364
364
359
353
370
365
389
680
581
454
449
435
408
296
288
313
323
316
353
357
296
299
421
476
000

Y-Right
(ft)
858.00
858.00
913.00
913.00
897.00
914.00

Preceding Specified Surface

Side Force
(Lbs)
50543,
i88831.
194676.
195591,
202046,
189868.
186283.
179636,
161679,
71319,
92235,
125277.
127357,
139689,
156126.
281271,
306709.
410869.
420802.
604858,
366929.
328516.
184980.
130800.
57741.
9493.

-G.

F:Spencer Block.OUT Page 2
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MATLOCK BEND LANDFILL EXPANSION Spencer Block

vastelactive projectsimatiock bend landfilifina! submittalglobal stability reportiappendix b stabilty and deformation results\stabl output\block-vsedge analysis sect cispencer blocKispencer block.plt Run By: Jo
T 1 i ! 1 ] T 1

| Total Saturated Cohesipn Friction Piez.

> UntWt. Unit Wt [ntercept Angle Surface
(pcf)  (pch) (psf)y  (deg) MNo.
121.0  127.0 0.0 12.0 w1
1240 127.0 0.0 28.0 v
70.0 20.0 0.0 33.0 Wi
79.0 20.0 0.0 20.0 w1
62.0 862.0 700.0 55 W1

52.0 62.0 13.3 w1

llllllllll

1 I 1 | | L 1 1 ]

200 400 600 800 1000 1200 1400 1600 1800

PCSTABL5M/si FSmin=2.55
Factor Of Safety Is Calculated By Spencer’s Method of Slices



F:Spencer Blockw seismic.OUT

*% PCSTABLSM **
by
Purdue University
~—Slope Stability Analysis-—
Simplified Janbu, Simplified Bishop
or Spencer's Method of Slices

Run Date: 2/13/2014

Time of Run: 01:36kM

Run By: Jo K House

Input Data Filename: F:Spencer Blockw seismic.dat
Output Filename: F:Spencer Blockw seismic.OUT
Unit: ENGLISH

Plotted Output Filename: F:Spencer Blockw seismic.PLT
PROBLEM DESCRIPTION MATLOCK BEND LANDFILL EXPANSION
Spencer Block
BOUNDARY COORDINATES
16 Top Boundaries
29 Total Boundaries

Boundary X-Left Y-Left ¥-Right Y-Right Soil Type
No. (£t} {ft) (£t} (f£) Below Bnd
1 0.00 895,00 30.00 880.00 1
2 30.00 880.00 50,00 880.006 1
3 50.00 880.00 95.00 861,00 1
4 95,00 861.00 220.00 861,00 1
5 220.00 861.00 295,00 900.00 1
6 295.00 900,00 315.00 800,00 2
7 315.00 900.00 324,00 897.00 2
8 324.00 897.00 332.00 - 900.00 2
9 332.00 900.00 497.00 952.00 3
10 497.00 952.00 507.00 951.00 3
11 507.00 951,00 660.00 1001.00 3
12 660,00 1001.00 670.00 1000.00 3
13 £70.00 1000.00 832.00 1052.00 3
14 832.00 1052.00 842.00 1051.00 3
15 842.00 1051.00 1048.00 1120.00 3
16 1048.00 1120.00 1094.00 ©1i20.00 3
17 332.00 900.00 441.00 861.0C 5
18 441,00 861.00 464,00 861,00 &
19 464,00 861.00 £30.00 916.00 5
20 630.00 916.00 646.00 916.00 6
21 646,00 916.00 700.00 901.00 5
22 700.00 901.00 1094.00 966.0C0 4
23 700.00 901.00 1094.00 921.00 1
24 332.00 899.00 441.00 860.90 1
25 441.00 860.920 464.00 860.90 1
26 464.00 860.90 630.00 915.90 1
27 £30.00 915.90 646.00 915.90 1
28 646,00 915.%0 700.00 899,90 1
29 700.00 899.90 1094.00 919,90 1

ISOTROPIC SOIL PARAMETERS

6 Type(s) of Soil
Seil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit W&. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pct) (psf) (deg) Param. (pst) Ne.
1 121.0 127.0 0.0 19.0 0.00 0.0 1
2 124.0 127.0 0.0 28.0 0.00 0.0 1
3 70.0 90.0 0.0 33.0 0.00 0.0 1
4 79.0 90.0 0.0 20.0 0.00 0.0 1
5 62.0 62.0 700.0 5.5 0.00 0.0 1
6 62.0 62.0 1197.0 13.3 0.00 0.0 1
1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED
Unit Weight of Water = 62.40
Piezometric Surface No. 1 Specified by 3 Coordinate Points
Point X-Water Y-Hater
No. (£t) (£t)
1 0.00 820.00
2 450.00 850.00
3 1094.,00 878.00

Searching Routine Will Be Limited To An Area Defined By 6 Boundaries
Of Which The First 6 Boundaries Will Deflect Surfaces Upward

Page 1



Boundary

No.

AN W

X-Left Y-Left
(ft) (fe)
332.00 900.00
441.00 858.00
464.00 858.00
630.00 913.00
646,00 913.00
700.C0 897.00

¥-Right
{(ft)
441.00
464,00
630.00
646.00
760.00
1094.00

A Horizontal Earthquake Loading Coefficient
0£0.180 Has Been Assigned
A Vertical Earthguake Loading Coefficient
0£0.000 Has Been Assigned
Cavitation Pressure =

Point
No.

W W-IRN AW

10
11
12-
Spencer
Theta
(deg)
5.00
7.50
15.75
10.80
11.24
13.08
12.34
12.54

Factor Of Safety For The Preceding Specified Surface

°s

0.0

(psf)
Trial Failure Surface Specified By 12 Coordinate Points

X-Surf Y-Surf
(ft} (£e)
332.00 900.00
441.00 859.83
464.00 861.40
630.00 915.33
646.00 914.9%
700.00 902.76
1000.00 917.11
1021.77 962.13
1035.26 1010.27
1067.58 1048.43
1075.3¢6 1097.82
1086.66 1120.00
FOS FOS
{Moment}) {Force)
{Eguil.} (BEquil.}
1.293 1.194
1.287 1,217
1.239 1.297
1.274 1.248
1.272 1.252
1.261 1.270
1.266 1.263
1.265 1.265

Spencer's Theta = 12.54
Factor Of Safety Is Calculated By Spencer’'s Method of Slices
*%% Tjine of Thrust ***

Slice
No.

Y

Cooxd, Coaord.
384,66 896.15
441.00 B86.02
456.68 889.26
458.14 889.406
464.00 889,51
497.00 897.31
507.00 B99. 66
526.08 904.12
541.57 910.52
630.00 958.85
646.00 956,41
659.03 947,22
660.00 946.99
665,69 945,75
670.00 941.26
700.00 927.39
7i5.02 928.13
832.00 949,84
842.00 950,47
1000.00 974,14
1017.54 1007.60
1021.77 1014, 64
1035.26 1039,93
1048.00 1052.21
1067.58 1078.89

L/H
L432
.351
.362
.361
.351
.315
.321
.298
.316
.574
.509
.397
.394
.392
.351
.230
222
.278
.289
.305
. 347
.352
.281
.284
. 426

Lo el o B o B e B o ) o B o - T o Y o Y e Y Y o i e Y e o - Y e o -

F:Spencer Blockw seismic.OUT

Y-Right
(£t)

858.
858.
813.
913.
897,
914 .

Side Force

(Lbs}
59808.
201928,
203763.
204077,
213916.
210311.
209249,
207281.
182524.
73679,
84882.
116685.
118160.
126880.
149401.
320867.
356705,
420889.
427072,
540489.
313554.
278546,
156763.
107466.
42975.

00

1.265
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26 1075.36 1167.25 0.425 T675.
27 1086.66 1871.63 0.000 -14.



MATLOCK BEND LANDFILL EXPANSION Spencer Block
Aactive projects\matiock bend landfilfinal submittahglobal stabilty reporilappendix b stabilty and deformation resultsistabl cutpufiblock-wedge analysis sect cispencer blockispencer blockw seismic.pit Run By

T : T T T T 1 T T

| Total Saturated Cohesion Friction Piez. Load Value

: Unit Wi UnitWt Intercept Angle Surface|| HorizEgk 0.180 g<
(pcf)  (pch) (psf)  (degy lMo.
1210 127.0 0.0 12.0 Vx|
1240 127.0 0.0 28.0 w1

70.0 20.0 0.0 33.0 Wi
73.0 80.0 0.0 20.0 W1
82.0 62.0 700.0 5.5 Y

62.0 13.3

1 1 1 I

1 1 1 1

200 400 600 800 1000 1200 1400 1600 1800

PCSTABL5M/si FSmin=1.27
Factor Of Safety Is Calculated By Spencer’s Method of Slices



MODIFIED BISHOP CIRCLE SLOPE ANALYSES




F:MATLOCK BEND LANDFILLBISHOP.OQUT

*% PCSTABLSM #%
by
Purdue University
-~5lope Stability Analysis--
Simplified Janbu, Simplified Bishop
or Spencer’s Method of Slices

Run Date: 2/13/2014

Time of Run: 08:32AM

Run By: Jo K House

Input Data Filename: ' F:MATLOCK BEND LANDFILLBISHOP.dat
Qutput Filename: F:MATLOCK BEND LANDFILLBISHOP.OUT
Unit: ENGLISH

Plotted Output Filename: F:MATLOCK BEND LANDFILLBISHOP.PLT
PROBLEM DESCRIPTION MATLOCK BEND LANDFILT, EXPANSION
BISHOP CIRCLE
BOUNDARY CCORDINATES
16 Teop Boundaries
29 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd
1 0.00 895.00 30.0G0 880.00 1
2 30.00 880,00 50.C0 880.00 1
3 50.00 880.00 95.00 861.00 i
4 95.00 861.00 220,00 861.00 1
5 220.00 861.00 295.00 900,00 1
6 295.00 900.00 315.00 900.00 2
7 315.00 900,00 324.00 897.00 2
8 324.00 897,00 332.00 900.00 2
9 332.00 -900.00 487.00 952.00 3
10 497.00 952.00 507.00 951.00 3
11 507.00 951.00 660.00 1001.00 3
12 660.00 1001.00 670.00 1000.00 3
13 670.00 1000.00. 832.00 1052.00 3
14 832.00 1052.00 842,00 1051.0G0 3
15 842.00 1051.00 1048.00 1120.00 3
16 1048.00 1120.06 1094.00 1120.00 3
17 332.00 900.00 441,00 861.00 5
18 441.00 861.00 464,00 861.00 &
i% 464.00 861.00 630.00 916.00 5
20 630.00 816.00 646.00 916.00 6
21 646.00 916.00 700.00 901.00 5
22 700.00 901.00 1084.00 966.00 4
23 700.00 901.00 1094.00 921.00 1
24 332.00 899.00 441.00 860.90 1
25 441.00 860